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Preface

As of 27 September 2022, there have been more than 612 million confirmed cases 
of COVID-19, including more than 6.5 million deaths reported to WHO. Although 
complete sets of diagnostics, drugs, and vaccines are already in place, public health 
systems in many parts of the world are currently still under strain due to the effect 
of the pandemic. Moreover, many countries and territories are already advising 
the reopening of their economies, and the relaxation of health protocols including 
mask-wearing and social distancing. Scientists already predict that COVID-19 will 
move into an endemic phase, although not in the near future. The SARS-CoV-2 
virus is not likely to be eradicated during our lifetime. As has been seen with influ-
enza viruses, such as H1N1, the re-emergence of this virus into a future epidemic 
is possible. Therefore, research to design novel therapies for COVID-19 remains 
necessary, as the mutational trajectory of SARS-CoV-2 is difficult to predict. New 
variants may well emerge in the future, and any drug development program should 
always be aligned accordingly.

This book seeks to make an intellectual contribution to this ongoing pandemic. It is 
divided into three sections. First, the introductory section elaborates on the impor-
tance of drug development for COVID-19. Second, specific unique cases in clinical 
settings are reported. The final section, on case treatment and management, takes 
a more comprehensive health sciences approach. Some of the contributions cover 
extensive ongoing research and development that will encourage further debate on 
the management of the COVID-19 pandemic.

I would like to express my gratitude to Rizky Nurdiansyah, MSi, Head of Research 
and Community Service Development at the Indonesia International Institute for 
Life Sciences, for interesting discussions and excellent collaboration in the field of 
COVID-19 drug design. Thanks also go to the students of the School of Life Sciences, 
Indonesia International Institute for Life Sciences, for their heartfelt motivation.

Arli Aditya Parikesit
Department of Bioinformatics,

School of Life Sciences,
Indonesia International Institute for Life Sciences,

Jakarta, Indonesia
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Chapter 1

Introductory Chapter: Current 
Perspective of COVID-19 Drugs
Arli Aditya Parikesit and Rizky Nurdiansyah

1. Introduction

1.1 Early efforts of drug repurposing

When WHO declared that the COVID-19 pandemic was in place on March 2020, 
there were no standard drugs available for this new disease. One of the fastest and the 
most effective solution to face this problem is relying on the drug repurposing effort. 
Remdesivir is one of the earliest repurposed drug, as it has been originally develop for 
hepatitis C, and already examined for application in Ebola and Marburg virus infec-
tion [1, 2]. In the laboratory setting, remdesivir has been proven to inhibit the RdRp 
protein of SARS-CoV-2 that is responsible for viral replication, shortens hospitaliza-
tion period, and is supported with vivid computational model [2–5]. Hence, remde-
sivir could only be provided in hospital as it should be delivered intravenously to the 
patients, thus deterring out-patient application [6]. In parallel, some other repurpos-
ing efforts are on the way as well.

These anti-worm and anti-parasitic drugs, Ivermectin, Chloroquine, and 
Hydroxychloroquine, are also repurposed. Although they provide promising in vitro 
and in vivo leads, there are inconclusive clinical trial results. Moreover, some meta-
analysis results provide some leads that are yet to be validated in the clinical trials 
[7–12]. Hence, there are some repurposed drugs that are efficacious to reduce the 
severe effects of COVID-19, although they are not anti-viral ones. Dexamethasone, 
a long-standing standard drug of anti-inflammation and anti-coagulation, could 
inhibit the ‘cytokine storm’ of late stage COVID-19 [13]. It also acts as immune modu-
lator as well [14, 15]. Then, Heparin that works as anti-blot clot drug, also deployed 
to the COVID-19 patients [16–19]. However, during the early phase of COVID-19 
pandemics, there are no standard drugs that could provide solid clinical evidence and 
could be deployed in out-patients.

2. Ascendancy of standard drugs for COVID-19

The development of Paxlovid and Molnupiravir, both of them are synthetic 
drugs, have enabled new standard due to the emergency FDA’s authorization  
[20, 21]. As nucleoside analogue, molnupiravir has successfully inhibited RdRp 
protein of SARS-CoV-2 while providing significant clinical trials result for patients 
with mild-to-moderate symptoms of COVID-19 [22]. Thus, Paxlovid, which is a 
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combination of two distinctive drugs of nirmatrelvir dan ritonavir, could inhibit 
SARS-CoV-2’s main protease enzyme with retaining its acceptable concentration 
in the blood, and reduces hospital admission alongside with mortality rate signifi-
cantly [23, 24]. Hence, both drugs were optimized with rational drug design meth-
ods and approved by the FDA with emergency authorization [22–26]. Although 
remdesivir has provided significant efficacy in the clinical setting, its in-patient 
setting prevented the wide-spread use. However, the development of oral remde-
sivir has been devised and the current status is deemed successful in the in vivo 
trials [27, 28]. Although careful and thorough examination by medical specialist is 
necessary before deploying those anti-viral drugs, they are considered the available 
standard drugs for COVID-19 so far.

3. FAERS database annotation of COVID-19 drug trials

FDA Adverse Event Reporting System (FAERS) Public Dashboard is the 
Bioinformatics approach in curating side effects of drug trials from clinical data 
[29, 30]. It has special public dashboard for COVID-19 emergency use authorization 
(EUA) products, as seen in the Figure 1.

The FAERS database has annotated COVID-19 drug trials side effects, such as the 
trials with hydroxychloroquine/chloroquine, bamlanivimab, Ribavirin-Interferon and 
ivermectin [31–37]. Moreover, cancer patients who were old (65 year-old and above), 
males, and taking immunosuppressive treatment, as well as those with hematological 
malignancies, were at a higher risk of death due to COVID-19 infection, according 
to FAERS data [34]. Hence, pertaining the existing COVID-19 standard drugs, the 
finding in FAERS database did not affect current FDA’s endorsement as it is consid-
ered still a relatively novel development. More trials will be necessary. Thus, extensive 
computational and wet lab studies of the leads’ pharmacological and toxicological 
properties should be carefully examined [38].

Figure 1. 
COVID-19 emergency use authorization (EUA) FAERS public dashboard (source: https://www.fda.gov/drugs/ 
questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers- 
public-dashboard).



5

Introductory Chapter: Current Perspective of COVID-19 Drugs
DOI: http://dx.doi.org/10.5772/intechopen.105537

4. Promise of natural product leads

Since the early phase of the pandemics, many researchers have tried to examine 
bioactive compounds such as propolis and others, from natural products source as 
leads for SARS-CoV-2 drug candidates [39–47]. Although these efforts are still on 
going up to now, the leads are still in experimental stage in general. Several leads 
were developed with computational approaches from natural products, albeit still no 
conclusive experimental evidence that leads into clinical trials [48–51]. There is also 
effort for repurposing natural product leads, from H5N1 inhibitor lead compounds, 
that are yet to provide wet lab results [52]. One example of the lead compound with in 
silico potential for inhibiting SARS-CoV-2 is Juglanin, as visualized in Figure 2.

Computation of natural products chemistry is a way to leverage the indigenous 
knowledge with modern science such as bioinformatics and biomedicine [48, 54–63]. 
It has achieve certain success in medical application, such as the chemotherapy agent 
of Taxol [64, 65]. However, there is no standard natural product-based drug yet for 
COVID-19 up to now. In general, existing COVID-19 standard drugs are repurposed 
drugs that mainly comprises of synthetic and semi-synthetic compounds [66, 67]. 
How natural products bioactive compounds will perform in this domain, it remains to 
be seen.

5. Coronavirus and anticipation of future pandemics

The SARS, MERS, and COVID-19 pandemics have taught us valuable lessons that 
coronavirus outbreak could not be underestimated. This particular virus has show-
cased themselves as constant menace to the public health. Therefore, it would need 

Figure 2. 
Juglanin, provided as the lead for SARS-CoV-2 drug candidate based on in silico approach [53] (source: https://
pubchem.ncbi.nlm.nih.gov/compound/5318717#section=2D-Structure).
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establishment of a dedicated research network world-wide to cater this challenge. 
The current pandemics has been predicted in quite a while. Based on WHO guidelines 
in 2015, it is stated explicitly that coronavirus has a prospect of becoming pandemic 
[68, 69]. There are hundreds or even thousands coronavirus species that potentially 
some of them could be spilled to human population from animals [68, 69]. Although 
conclusive evidence is still gathered on the moment, the existing leads are pointing 
to the spill over of coronavirus from bat as precursor of this on-going pandemic 
[70–73]. As a RNA virus, it has high mutation rate for the genetic material, and as 
new SARS-CoV-2 variants emerged, it elicits potential to tamper the efficacy of the 
existing therapy [74–77]. In these uncertain conditions, Biologics and/or biosimilars 
such as monoclonal antibody, polypeptide, and protein-based therapy are proposed 
as potential therapies for COVID-19 infections. Their high bioavailability in the cell is 
one of the strength in the pharmacokinetics properties [78]. Monoclonal antibodies 
therapy has been proven to provide good efficacy against COVID-19 in clinical setting 
[79, 80]. Moreover, some peptide-based leads are currently under development as 
COVID-19 drug candidates [81]. For siRNA, some in silico and wet lab research are 
underway, albeit the clinical application is yet to be determined [82–84]. In this end, 
more variative approaches are available as means to anticipate future coronavirus 
pandemics.
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Abstract

COVID-19 in 2019 has brought both changes and challenges to the world. This
global pandemic has an impact on people of all age levels, especially older adults. In
Thailand, older persons are at high risk of COVID-19 infection. They are included in
the so-called 608 groups. The objective of this review article was to synthesize and
present medical pluralism, the development of drugs from herbs, and projects
conducted to treat, prevent, and control the infection and long sufferings of COVID-
19. The review covers 10 studies, three projects produced at Mahasarakham Univer-
sity, Chaiyaphum Rajabhat University, and Khon Kaen University that were
reviewed, synthesized, and analyzed. The results of the synthesis indicate that modern
and Thai traditional medicine can help reduce the severity of the infection and long
sufferings of COVID-19. The medical pluralism between modern and Thai traditional
medicine is needed to remedy COVID-19 cases among the older adults in the
Northeast of Thailand.

Keywords: pluralism medical treatment, prevention and control, COVID-19
infection, long COVID-19 suffering, the Northeast of Thailand

1. Introduction

The global pandemic of COVID-19 has an impact on people of all age levels [1].
Similar to other countries, older adults are more likely to have a chronic illness [1].
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Over the world reported that 66% of people aged 70 and over have at least one
underlying condition that increased the risk of the severe impact of COVID-19 infec-
tion and its long sufferings [1].

The Ministry of Public Health (MOPH), the leader of the Department of Disease
Control, nongovernmental organizations, and local organizations have an active role
and follow the World Health Organization’s (WHO’s) eight pillars of COVID-19
response, which are a good guide for strengthening surveillance, case investigation,
and the laboratory system, institutionalizing, the mechanism of coordination, and
strengthening communication between stakeholders [1]. Medical pluralism (MP) is
used for the treatment, prevention, and control of the COVID-19 pandemic in
Thailand since 2019 [2–5].

The World Health Organization (WHO) acknowledges that Thailand shows sig-
nificant progress on overall population health indicators, as seen in the relatively low
COVID-19 cases number (less than one death per million population) and improving
capacity for pandemic response [1]. WHO has recognized Thai Village Health Volun-
teers (VHVs) as “unsung heroes”who have made a great effort to fight COVID-19 [6].
The VHVs formulated “Socio-politics networks” or can be seen as a “Pluralistic net-
work” based on a “collaborative system” between numerous agents/stakeholders in
the community, including VHV groups, villagers, families/households level politi-
cians’ officials, and private sector actors [6, 7].

In the Northeast of Thailand, research and project produced by the staff of
Mahasarakham University (MSU), Chaiyaphum Rajabhat University (CPRU), and
Khon Kaen University (KKU) presented medical pluralism, development of herb
medicine, health-seeking behaviors of older adults for treatment, prevention, and
control of COVID-19 infection and its long sufferings [8–22].

This study aimed to synthesize knowledge about successful cases of pluralism
medical treatment, prevention, and control of COVID-19 infection and its long suf-
ferings among older adults.

2. Objective

The objective of this study was to synthesize knowledge about the successful
pluralism of medical treatment, prevention, and control of COVID-19 infection and
its long sufferings among the older population in the Northeast of Thailand from 2019
to 2022.

3. Methodologies

The study reviewed the results of the author’s research and project in four steps as
follows:

Step 1: Synthesize contents from the staff of Mahasarakham University (MSU),
Chaiyaphum Rajabhat University (CPRU), and Khon Kaen University (KKU)‘s
research studies and projects from 1987 to 2022.

Step 2: Reported herbal medicine in pluralism medical treatment, prevention, and
control of COVID-19 infection and its long COVID-19 sufferings.
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Step 3: Reported cases of success in treatment, prevention, and control of
COVID-19 infected.

Step 4: Summarized the organization chart related to the pluralism medical
treatment in the Northeast of Thailand.

The research review was approved by the Ethics Committee for Human Research
at Mahasarakham University (MSU), Chaiyaphum Rajabhat University (CPRU), and
Khon Kaen University (KKU) (HE591125).

Most of the research studies were based on secondary data. Those who volunteered
had signed the consent form.

4. Results

There are four steps to this research result as follows:
In step 1:We reviewed research results of pluralism medical treatment, prevention,

and control of COVID-19 Infection and its long sufferings among the older adults.
This study was analyzed and found that since 1987 the staff of Mahasarakham Uni-
versity (MSU), Chaiyaphum Rajabhat University (CPRU), and Khon Kaen University
(KKU)‘s research studies and projects about the elderly, promotion of herbal medicine
gave knowledge of working with COVID-19 outbreaks since 2019 to health personnel
by academic conference [8–22], as summarized in Tables 1 and 2.

For older adults, these three universities had worked with this problem to prepare
health personnel to face aging as advancement in medical technology has resulted in
the Thai population having a longer life expectancy, leading Thailand to the “Aging
Society”. Such changes affect the quality of life of the elderly and the working-age
population who are direct caregivers. Ministry of Public Health prepares to step into a
quality elderly society. The policy to promote the health of the elderly in the issue of
“Long-term care for the elderly” to create understanding and ability to implement the
policy appropriately.

The health promotion policy “Long-term care for the elderly” uses an analysis
through cultural sensitivity aspects. The formulation process was divided into the five
stages of policy formation, namely: (1) Policy Agenda Setting, (2) Policy Formulation,
(3) Policy Implementation, (4) Evaluation Stage Policy, and (5) Policy Implementation.

The results of the analysis revealed that: (1) the policy arose from two major
currents, namely the mainstream and the policy stream; (2) it was the government’s
policy with cultural sensitivity due to the policy transformation, taking into account
the classification of the elderly into three groups (the home group, the social group,
and the bed group). The policy implementation strategy is open to each sub-district to
be able to develop an innovative long-term care system that takes into account the
local context, community potential, and social costs [21]. Besides this, Chaiyaphum
Rajabhat University (CPRU)‘s staff has the arrangement of teaching nursing student’s
computer-assisted instruction (CAI).

The computer-assisted instruction (CAI) was selected for gerontological nursing
lessons on Depression, Dementia, Parkinson’s, and Geriatric assessment. Thirty third-
year nursing students of the Faculty of Nursing at Chaiyaphum Rajabhat University
were attending the gerontological nursing course. The lessons on Depression, Demen-
tia, Parkinson, and Geriatric assessment were taught via Tutorial Instruction Pattern.
The constructed CAI efficiency was 87/84 with an E.I. value of 0.7, higher than the
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expected criteria. It was found that the mean score of the students’ knowledge at post-
test (x = 9.00) was higher than those at pre-test (x = 6.00), with a significant level of
p < 0.001. Moreover, the score of satisfaction toward the CAI was high on every item.
The computer-assisted instruction results in the student’s acquiring knowledge on
nursing care of gerontological nursing [22].

Study
No.

Title Ref. Study Design Age group
(years old)

Sample size
(sex) (Data
from)

Findings Year
of
pubn.

1 [P] Poster
presentation:
“Maelong
volunteer for
long-term care”

[18] • Trained the
health
volunteers
(VHVs)

• Evaluated
their
knowledge,
attitudes,
and
practices
(KAP)

Most of
them are
adults and
aging who
work as
VHVs at
Maelong
village

• 28 VHVs
• 1 Male
• 27

Females

• Increase
awareness of
long-term
care

• Gain more
knowledge of
caring for
aging

• Need repeat
training every
year

2018

2(AC) The 1st
Academic
Conference
“COVID-19
Situation
Nursing
Challenge”,
during 1-2 June
2021 at Faculty
of Nursing,
Chaiyaphum
Rajabhat
University,
Chaiyaphum
Province

[19] Zoom
Conference

Participants
were
25 years old
and over
60 years old

300
participants
were
Registered
nurses who
work in
Thailand
and abroad.

Most of them get
more knowledge
about the
prevention and
control of people
and people
infected with
COVID-19 in
terms of policy
and practice

During
1-2
June
2021

3(AC) The 2nd
Academic
Conference
“COVID-19
Situation
Leadership:
Nursing
Challenge”,
during 7-9 April
2022 at Faculty
of Nursing,
Chaiyaphum
Rajabhat
University,
Chaiyaphum
Province

[20] Zoom
Conference

Participants
were
25 years old
and over
60 years old

250
participants
were
Registered
nurses who
work in
Thailand
and abroad.

Most of them
developed
nursing
leadership
potential in the
situation of
COVID-19,
covering
services,
administration,
research, and
nursing
education.

During
7-9
April
2022

P: poster presentation; and AC: academic conference.

Table 2.
Summary of project related to the older populations and Medical Pluralism (MP) from MSU, CPRU, and KKU
staffs’ presentation during 2018-2022.
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For giving knowledge of COVID-19 infected during the pandemic in 2019–2022,
Chaiyaphum Rajabhat University (CPRU) had organized two academic conferences to
educate professional nurses about the prevention and control of people and people
infected with COVID-19 in terms of both policy and practice. Those professional nurses
were provided with knowledge and understanding of situations and trends for the
COVID-19 management. At the conference, the Director-General of the Department of
Medical Sciences gave a talk on treating and caring for COVID-19 patients by medical
professionals, effects and infection control in Asian countries including Japan and
Indonesia, management for nurses in hospitals, roles of professional nurses in hospitals
and communities, and application of nursing theories and processes. The conference
was continually organized as the second meeting to develop nursing leadership poten-
tial in the situation of COVID-19. This second conference covered services, administra-
tion, research, and nursing education. The conference was paid an honor by the Dean of
the Faculty of Nursing at UCLA and was attended by scholars from all the regions of
Thailand and professional nurses who work in Thailand and abroad (Table 2).

In step 2: Reported herbal medicine in pluralism medical treatment, prevention,
and control of COVID-19 infection and its long sufferings of Thai people in the
Northeast of Thailand.

To promote herbal medicine, the staff of Khon Kaen University (KKU),
Mahasarakham University (MSU), and Phon Hospital gave knowledge and practice to
the villagers in Khon Kaen province. The results showed that the Community leaders,
Health Volunteers (VHVs), and the villagers gain more knowledge and experience of
herbal planting for medical use and increase household income (Table 1).

The medical practice guidelines, diagnosis, treatment, and prevention of infection
in the hospital in case of Coronavirus infection in 2019 (COVID-19) from the Depart-
ment of Thai Traditional and Alternative Medicine, Ministry of Public Health, the
treatment of COVID-19 are as below:

Probable case person with test results positive for Rapid Antigen Test or Antigen
Test Kit (ATK per SAR-CoV-2), and total confirmed cases, both those who have
symptoms and asymptomatic person separate group according to the severity of the
disease and risk factors can be in four cases as follows:

1.Asymptomatic COVID-19

• Out-patients with self-isolation, home isolation, or state locations are
provided as appropriate

• Provide symptomatic care

• Do not give antiviral drugs such as Favipiravir due to most of the patients’ s
symptoms decreasing on their own.

• Consider giving Andrographis paniculate for treatment

• Do not give Andrographis paniculate with an antiviral drug, because there
may be side effects from the medicine.

2.Symptomatic COVID-19 without pneumonia, and no risk factors for severe disease.

• May consider giving Favipiravir by starting the drug as soon as possible.
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• If the infection is detected when the patient has symptoms for more than
5 days and the patient is asymptomatic, or the patient had few symptoms,
may not need to give the antiviral drug, because the patient may heal by
themselves without the complications.

3.COVID-19 with mild symptoms, but has risk factors for severe disease or having
comorbidity or mild pneumonia, any of the risk factors are as follows:

• Older than 60 years

• Chronic Obstructive Pulmonary Disease (COPD), includes another Chronic
Lung Disease

• Chronic Kidney Disease (CKD)

• Cardiovascular disease, including congenital heart disease

• Cerebrovascular disease

• Uncontrollable Diabetes

• Obesity (weight more than 90 Kg, or BMI > 30 Kg/Square meter)

• Liver Cirrhosis

• Low immunity, and lymphocytes less than 1000 cells/cubic millimeter, or

• Patients without risk factors, but tends to the severity of the disease increased

It is recommended to use only one antiviral drug as below, considering congenital
disease; contraindications to the drug against each other of antivirus drug, and
original medicine (drug-drug interaction), bed management, ease of drug
administration, and reserve dose of drugs.

1.Nirmatrelvir/ritonavir for 5 days (Medication is not recommended, if
systems last more than 5 days), or.

2.Molnupiravir for 5 days (This medication is not recommended for use if
symptoms persist for more than 7 days).

3.Remdesivir for 3 days (This medication is not recommended for use if
symptoms persist for more than 7 days).

4.Favipiravir for 5–10 days (This medication is not recommended for use if
symptoms persist for more than 4 days).

4.Confirmed patients with pneumonia, who have hypoxia (resting oxygen
saturation <94%), or have hypoxia (SPO2 > 3%) of measured value while
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exercising (exercise-induced hypoxemia) or chest radiograph has the
progression of pulmonary infiltrates.

• Recommend Remdesivir for 5–10 days, in the patients who require oxygen,
depending on the clinical symptom, the patients should closely follow-up
for the symptoms.

• First choice, in the case of mild pneumonia at SpO2 during 94-96%, or no
oxygen receives, may consider giving Molnupiravir for 5 days, which should
start using the drug within 5 days, after symptoms or Remdesivir, which
gives within 7 days after symptoms.

• Consider giving Remdesivir for 5–10 days as follows:

◦ Patients with mild symptoms but their risk factors for the severe
disease, or have major comorbidities or patients with pneumonia, also
do not need oxygen.

◦ Patients with severe pneumonia no later than 10 days after symptoms,
and receive cannula >1 liter/min, and level of SpO2 < 95%, or receive
HFNC/NIVHFNC or use a ventilator (if wear a breathing apparatus
may benefit from this drug is not fully).

◦ Pregnant woman with pneumonia (has more details on the topic of
treatment COVID-19 in pregnant women).

◦ There are contraindications to the administration of the drug by mouth
or absorption problems.

• Choose to use antiviral drugs, kind to eat or Remdesivir, either not shared
due to medicine active in the same position when giving Remdesivir until
the recommended date.

• No recommend Corticosteroid in case of mild symptoms (No additional
oxygen is required), or asymptomatic pneumonia.

The Department of Thai Traditional and Alternative Medicine presented
the restored health after COVID-19 infection with herbal medicine as shown in
Table 3.

In step 3:We reported case success in treatment prevention and control of COVID-
19 infected.

Since 2019, the elderly who get COVID-19 received treatment in the hospital and
home isolation. The older adults who used medical pluralism (MP) during treatment
were our case studies.

We followed the treatment of Coronavirus with the phone who was admitted to
the University Hospital of KKU and MSU. Those cases who did not use MP and died
from their complication did not report in this study.

We could only review report the number of cases with COVID-19 on May 31, 2022
at the Area Health District, which includes seven provinces in the Northeast of
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Thailand such as Udon Thani, Sakon Nakhon, Nakhon Phanom. Loei, Nong Khai,
Nong Bua Lamphu, and Bueng Kan reported cases of COVID-19 as +264 new cases;
123,760 cumulative patients, 21,956 hospitalized, and 120,195 healed [23].

Our cases reported from 2019 to 2022 are divided into four groups as follows:

1.Case of unable to COVID vaccination

2.Case of COVID-19 infected

3.Case of COVID-19 infection and its long-sufferings

4.Case of the older adults’ health-seeking behavior in the Northeast of Thailand
during COVID-19 Outbreaks

4.1 Case of unable to COVID vaccination

One Thai male, age 64 years old who cannot vaccinate COVID vaccine since 2019,
because he has health problems of chronic illness and heart diseases. He needs to insert
three catheters entering the heart and used much medicine to protect against
embolism. His life is very difficult during the COVID-19 pandemic in Thailand.

He changes his lifestyle by quitting smoking, taking medicine and food as pre-
scribed by the doctor, taking some supplements and herbs, exercising according to the
doctor’s orders, living in a well-ventilated environment, getting enough rest, and
following Thai policies to prevent COVID-19 infection. He insisted that pluralism
of medical treatment prevention and control of COVID-19 infection was very good
for him.

Herbal medicine name Properties

Andrographis panicolata Reduce fever, anti-inflammatory

Benjalokwichian Medicine Cure a fever, make poison out of the body

Prasacanthr Daeng Medicine (Dracaena loureiroi
Gagnep)

Reduce fever, hot fix, cure thirst

Reduce Fever Medicine namely Junleera Relieve symptoms of fever, seasonal Fever

Aromatic Medicine namely Na Wa Kot Cure wind dizziness, Squeamish, vomit, fix the wind,
late fever

Triphala Cough relief, expectorant, Elemental balance

Cough Medicine namely Makhampom Expectorant, cough relief

Ginger pill Relieve flatulence, and indigestion, expel cure
heartburn

Cannabidial (CBD oil) Cure insomnia, headache, and appetizing

Muscle Relaxants Joint pain relief, muscle pain chest pain, stomach ache

Ya SUK SAI YAI Cure insomnia, for mode changes, alleviate
exhaustion

Source: Department of Thai Traditional and Alternative Medicine, 2022.

Table 3.
Restore health after COVID-19 Infection with herbal medicine (Available from: https://web.facebook.com/inf
ormationcovid19/posts/498540561764273?_rdc=1&_rdr).
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4.2 Case of COVID-19 infected

One Thai female, age 70 years old who had controllable diabetes mellitus, got
COVID-19 infected with test results positive for Rapid Antigen Test. She was asymp-
tomatic COVID-19 and received Andrographis Paniculate for treatment and home
isolation. She takes this medicine and food as prescribed by the doctor, exercises
according to the doctor’s order, lives in a well-ventilated environment, and gets
enough rest.

Nowadays, she takes some supplements and herbs, also has health practices as
above, and follows Thai policies to prevent long Covid-19 suffering.

4.3 Case of COVID-19 infection and its long sufferings

One Thai female, age 59 years old, got COVID-19 infected in 2021 with symptom-
atic COVID-19 without pneumonia and no risk factors for severe disease. Her doctor
gave Favipiravir by starting the drug as soon as possible. But she needs to work hard
and not get enough rest.

At present, she still has a persistent cough. She uses cough medicine, namely
Makhampom for cough relief, takes some supplement and herbs, and follows Thai
policies to prevent COVID-19 infected to other people nearby.

Figure 1.
Summarized the organization chart related to pluralism medical treatment in Northeastern,Thailand, since 2019.
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4.4 Case of the older adults’ health-seeking behavior in the Northeast of
Thailand during COVID-19 Outbreaks

One Thai female, age 60 years old, she fell in the bathroom and ruptured blood
vessels in the brain that paralyzed her. Her husband is famous for Thai traditional
treatment, but her daughter believes in treatment with modern medicine because she
works in one private hospital in Khon Kaen province. During the COVID-19 outbreak
in Thailand, patients have difficulty going to the hospital.

Her family members always quarreled about treatment. One female health volun-
teer in this village recommended her family and other patients to the treatment of
Thai traditional medicine and modern medicine. After that, this older adult with
hemiplegia gradually got better, and her family is happy.

In step 4:We summarized the organization chart related to pluralism medical
treatment in Northeastern, Thailand, since 2019.

Medical pluralism (MP) plays a role in many people’s lives over the world. Older
people in the Northeast of Thailand are familiar with the herb, Thai government policies
have implemented pluralismmedicine for treatment, prevention, and control of COVID-
19 infected Thai people as summarized by the organization as present in Figure 1.

5. Discussions

Medical pluralism (MP) is used in many countries over the world during the
COVID-19 outbreak. Our review articles found that pluralism in medical treatment,
prevention, and control of COVID-19 infection and its long sufferings was found in
most older adults worldwide, it presented that most countries have medical pluralism
(MP) for care sickness of the populations [24].

The government of Thailand focuses on the older adults and classified them as a
risk group, by giving it the name 608 groups (groups of people who need to get
vaccinated with the most COVID are older people aged 60 years and over and those
with underlying disease, including chronic respiratory disease, cardiovascular disease,
chronic renal disease, cerebrovascular disease, obesity, cancer, and diabetes) that will
be vaccinated in the first priority group. Similar to other countries, which are the
aging society, they also focus on the older populations, they arranged at least three
vaccinations of COVID-19 vaccine for those older adults [25].

Most Thai older adults are familiar with herbs because it’s grown for food and
medicine [9, 11]. During the COVID-19 outbreak in 2019, Thai older people in rural
communities used herbs, such as Andrographis paniculate to build immunity for
preventing COVID-19 infection [26]. Similar to other studies presented, herbal med-
icine is a class of natural substances and is also used as adjuvant therapy for COVID-
19. These herbal medicines are psoralidine, silverstrol, quwrrectin, myricellin, flavo-
noids, and polyphenols [27–29].

Health interventions have been implemented, reducing the rate of the COVID-19
infection, including a face mask, hand hygiene, COVID vaccination, home isolation,
and social distancing, similar to the prior studies [30, 31].

Our review of research, and projects produced at Mahasarakham University
(MSU), Chaiyaphum Rajabhat University (CPRU), and Khon Kaen University (KKU)
presented that Modern Biomedicine and Thai Traditional Medicine can help reduce
the severity of the infection and long sufferings of the COVID-19 during 2019–2022,
among the older adults in the Northeast of Thailand.
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6. Conclusion

The medical pluralism (MP) between modern biomedicine and Thai traditional
medicine is needed to remedy COVID-19 cases among the older adults because most
of them are familiar with herbs used in their household for food and medicine.

The promotion of herbal planting for medical use, which is increasing household
income for the villagers in the Northeast of Thailand, should be widely developed and
safe for all people in Thailand.
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Baricitinib in the Treatment  
of COVID-19
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Abstract

Baricitinib is a novel Janus kinase (JAK) inhibitor which has recently been 
included in recommendations for treatment of COVID-19. This chapter is focused 
on discussing the evidence available regarding the safety and efficacy of use of 
baricitinib alone or in combination with other therapies for treatment of patients 
with COVID-19. A systematic literature search was conducted for this purpose to 
find all clinical studies on baricitinib in treatment of COVID-19. A total of 30 studies, 
including both clinical trials and observational studies were identified, and they have 
been described briefly. Collation of the results from these observational and interven-
tional studies shows that baricitinib either alone or in combination with other drugs, 
when used as an add-on to standard therapy, was found to have favorable outcomes 
in hospitalized patients with moderate to severe COVID-19. Furthermore, ongoing 
clinical trials indicate that the drug is still under evaluation across the world for its 
safety and efficacy in COVID-19. The recent approval of baricitinib by the US FDA 
for treatment of hospitalized adults with COVID-19 accurately reflects the role of the 
drug in COVID-19. Baricitinib improves clinical outcomes in hospitalized COVID-19 
patients, and additional evidence may establish the drug as a standard treatment in 
such patients.

Keywords: JAK kinase inhibitor, baricitinib, COVID-19, SARS-Cov-2, clinical 
outcomes, mortality

1. Introduction

Since causing an outbreak of a cluster of cases of pneumonia in Wuhan, China, 
the novel corona virus, named Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2), has spread globally to become one of the worst pandemics ever seen 
by humankind [1, 2]. With multiple ‘waves’ of the Corona Virus Disease known 
as COVID-2019 engulfing the world, the medical and scientific communities have 
focused their efforts on developing effective management strategies especially for 
hospitalized patients. These efforts have mostly been concentrated on evaluating 
the antiviral and anti-inflammatory properties of novel or repurposed medications. 
COVID-19 treatment guidelines from the World health Organization (WHO), the 
National Institutes of Health (NIH), U.S., the National Institute for Health and Care 
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Excellence (NICE), UK, and regional healthcare authorities such as Indian Council of 
Medical Research (ICMR) focus on the management of complications, the prevention 
of progression, and the provision of supportive care with symptomatic treatment 
based on evidence-based recommendations. A wide variety of clinical trials and 
observational studies have been conducted worldwide to evaluate treatment effects 
on survival rates in various severities of COVID-19 patients, as well as to reduction in 
morbidity in terms of hospitalization, time to recovery, and symptomatic or virologi-
cal response in patients with less severe illness. COVID-19 treatments still remain 
limited; include antiviral therapies such as remdesivir, nirmatrelvir-ritonavir, molupi-
ravir, immunomodulators such as corticosteroids, IL-6 inhibitors, and, more recently, 
specific monoclonal antibodies such as REGN-COV2 (casirivimab and imdevimab 
combination), regdanvimab, and sotrovimab among others [3–5].

The FDA granted emergency use authorization (EUA) to baricitinib, a novel 
Janus kinase (JAK) inhibitor, to be used in combination with remdesivir in November 
2020 [6], which was later revised to a standalone therapy in adults and children 
above 2 years of age hospitalized for COVID-19 [7]. Finally, in May 2022, baricitinib 
has received approval from the FDA for the treatment of COVID-19 in hospitalized 
adults requiring supplemental oxygen, non-invasive or invasive mechanical ventila-
tion, or extracorporeal membrane oxygenation (ECMO) [8]. At present, European 
Medicines Agency (EMA) is evaluating the marketing authorization application for 
baricitinib to be used in COVID-19 treatment protocol for patients above the age 
of 10 years of age who require supplemental oxygen therapy [9]. In May 2021, the 
Central Drugs Standard Control Organization (CDSCO), drug regulatory authority of 
India also granted emergency use approval to baricitinib for the treatment of con-
firmed COVID-19 hospitalized adults requiring supplemental oxygen in combination 
with remdesivir [10]. Baricitinib is an oral JAK 1 and 2 inhibitor that was approved 
for rheumatoid arthritis in the United States and Japan in 2017 [11]. JAKs are a family 
of enzyme involved in the inflammatory pathway that helps regulate the signaling 
cascade, activating signal transducers and activators of transcription (STATs) for 
cytokines such as IL-2, 6, 10, 12, IFN- etc. JAK inhibitors (JAK i’s) have been shown to 
be clinically useful in immune, inflammatory, and hematopoietic diseases by prevent-
ing the dysregulated production of proinflammatory cytokines involved in cellular 
survival, proliferation, differentiation, and immigration [12, 13]. As a result, barici-
tinib has been studied in the treatment of COVID-19 with the goal of suppressing the 
hyperinflammatory state of cytokine release syndrome (CRS) or hypercytokinemia 
(cytokine storm) associated with COVID-19 [14].

Systematic/living reviews of COVID-19 therapies [15, 16] and JAK inhibitors [17, 18] 
are available. This chapter solely focuses on a comprehensive synthesis of the evidence 
available regarding use of baricitinib in treatment of COVID-19. For this purpose, we 
have used a systematic search strategy as recommended per the Cochrane methodology.

Figure 1 provides a schematic representation of the mechanism of action of 
Baricitinib, mainly on three different aspects of Corona Virus Disease, inhibits viral 
entry, inhibits Inflammation by blocking JAK–STAT signal transduction pathways and 
alters the immune status via JAK–STAT inhibition.

1.1 Search methodology

Literature search was conducted to identify studies which assess the efficacy and 
safety of baricitinib therapy in COVID-19, either alone or in combination with other 
therapies. This included interventional studies (Randomized Controlled Trials i.e., 
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RCTs and non RCTs) as well as observational studies assessing the efficacy and/or 
safety of baricitinib in COVID-19, published or pre-published (in English language) 
after December 2019. Case reports, review articles, conference proceedings, editorial/
comments, author response or book chapter were not included.

The WHO COVID-19 Database (WHO COVID-19 Global literature on 
Coronavirus Disease) was used which is a comprehensive database of COVID-19 
research articles [19] containing global literature from all major standard electronic 
databases of published, pre-published and gray literature sources such as MEDLINE, 
Scopus, ProQuest Central, ELSEVIER, Web of Science, EMBASE, ScienceDirect, 
CINAHL, CAB Abstracts, APA PsycInfo, ChemRxiv, BioMed Central, Oxford 
Academic, medRxiv, BMC, bioRxiv, etc. Furthermore, a manual search was per-
formed using the bibliography of selected articles, and any studies that satisfied eligi-
bility criteria were added. We searched all information sources up to May 31, 2022.

The list of keywords searched in the Titles, Abstracts and Authors, using Boolean 
operators consisted of Baricitinib, Janus Kinase, JAK–STAT, Therapy, Treatment, 

Figure 1. 
Schematic representation of the mechanism of action of Baricitinib. [1] Interleukins (IL-2, IL-4, IL-7, IL-g, IL-15, 
IL-21, IL-6) are the most common. Baricitinib inhibits IL-2, IL-4, IL-7, IL-15, IL-21 via JAK1/3 STAT1/3/5 to 
regulate hemostasis and lymphocyte I proliferation, whereas IL6 acts via tyrosine kinase JAKl/2 STAT3 to regulate 
T cell differentiation and inflammation. [2] Angiotensin-ACE-2 receptor converting enzyme-2 functions as a 
docking receptor for SARS C0V-2 attachment. [3] AAKl-adaptor-associated protein I (AAKl-API). [4] Kinase I 
(AP2-associated protein kinase 1) is a transmembrane enzyme that participates in clathrin-mediated endocytosis. 
Baricitinib inhibits enzyme activation and thus prevents SARS-CoV 2 endocytosis. [4] Cytokine, type I and type 
II receptors. [5] Janus activated kinases are intracellular non-receptor tyrosine kinases that regulate cytokine 
signaling via the JAK–STAT pathway. Baricitinib is a JAK inhibitor that is not selective. [6] Tyrosine residues that 
aid in the binding of SH2 domain proteins like STAT. [7] Signal transduction activated transcription (STAT) is 
a downstream transducer of the JAK enzyme that exists intracellularly in an inactivated hypophosporylated state 
in association with JAK. [8] STAT phosphorylated active form. [9] Specific gene transcription activation. [10] 
Transcription is followed by protein translation, which results in the regulated effects.
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2019 novel Coronavirus disease, COVID-19, SARS-CoV-2, novel Coronavirus infection, 
2019-ncov infection, Coronavirus disease 2019, Coronavirus disease-19, 2019-ncov dis-
ease, COV, Coronavirus. After removing the duplicate results, the titles and abstracts 
were independently screened by two sets of reviewers based on the eligibility criteria 
and then assessed for availability of full texts. Data was then extracted from eligible 
studies related to pre-decided data items—study characteristics, patient characteris-
tics, interventions studied, and outcomes reported. Standard definitions were used 
for the severity of disease and various outcome parameters [20].

We used the Cochrane tool for randomized trials (RoB 2.0) [21] to categorize the 
published RCTs as either low risk of bias, some concerns—probably low risk of bias, 
more concerns—probably high risk of bias, or high risk of bias. The “Study Quality 
Assessment tool” [22] was used for critical appraisal of internal validity and bias in 
observational studies (Non-Randomized Studies of Intervention, NRSIs).

2. Evidence from published studies

After careful consideration, 30 studies were chosen to be described in this chapter. 
Among these, there are 24 observational studies and 6 interventional studies. Table 1 
summarizes the details of these published/pre-published studies, as well as the assess-
ment of study quality/risk of bias.

2.1 Observational studies

In a prospective cohort study conducted in Bangladesh, Hasan et al. [23] included 
238 patients with severe COVID-19 pneumonia, 122 of whom received baricitinib 
8 mg (high dose) and 116 patients received 4 mg (usual dose) orally for 14 days, along 
with dexamethasone, remdesivir, and enoxaparin/dalteparin. The time to achieve 
≥94% oxygen saturation (5 vs 8 days; IQR: 4–5 and 6–9 days respectively, P < 0.05) 
and the need for supplemental oxygen were significantly shorter in the high dose 
group. Similarly, the need for intensive care unit (ICU) and intubation support was 
significantly lower in patients receiving the high dose of baricitinib compared to those 
receiving the usual dose (9 vs 17.2%, P = 0.02; 4.1 vs 9%, P = 0.001, respectively), as 
was the 30-day all-cause mortality (3.3 vs 6%, P = 0.001). The median duration of 
hospitalization in the high dose group was also shorter (11 vs 13 days; IQR: 9.5–14 and 
10–17.5 days, respectively, P = 0.072). Thrombocytopenia and mouth sores were also 
significantly higher in the high dose group (9.8 vs 2.6% and 2.4 vs 0.8%, respectively). 
High-dose baricitinib treatment provided significant benefits in terms of survival and 
other clinical outcomes among patients with severe COVID-19, albeit at a higher risk 
of thrombocytopenia and mouth sores. The study participants, however, differed in 
clinical and biochemical parameters at baseline.

The same investigators conducted another prospective study involving 37 adult 
patients; 17 were assigned to the ‘control’ (No Loading Dose, NLD) group, while 20 were 
assigned to the ‘case’ (Loading Dose, LD) group, where they received an additional 8 mg 
loading dose of baricitinib orally before receiving 4 mg daily oral baricitinib for 14 days. 
Tolerability was good in both groups and there were no significant differences in mortal-
ity. However, the median time (in days) to reach SpO2 > 95% was relatively shorter in 
the LD group as compared to NLD [3 (IQR:2–8) vs 4 (IQR:4–5) respectively, P = 0.180]. 
A similar trend was observed for the median time to return to normal breathing [(LD 
5(4–5) vs NLD 8 (7–10) days] and the median time spent in the hospital (LD 12 vs NLD 
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S.
N.

Title of study Authors Study 
location

Study design Bias 
assessment

Observational studies

1 Impact of high dose of 
baricitinib in severe 
COVID-19 pneumonia: a 
prospective cohort study in 
Bangladesh.

Hasan MJ, Rabbani R, 
Anam AM, Huq SM, 
Polish MM, Nessa SS, 
et al.

Bangladesh Prospective 
Cohort

Good

2 Additional baricitinib 
loading dose improves 
clinical outcome in 
COVID-19

Hasan MJ, Rabbani R, 
Anam AM, Huq SM, 
Polash MM, Nessa 
SS, et al.

Bangladesh Case Control Good

3 Use of baricitinib in patients 
with moderate to severe 
Coronavirus Disease 2019

Titanji BK, Farley 
MM, Mehta A, 
Connor-Schuler R, 
Moanna A Cribbs SK, 
et al.

United 
States

Retrospective 
Cohort

Fair

4 Baricitinib restrains the 
immune dysregulation 
in patients with severe 
COVID-19.

Bronte V, Ugel S, 
Tinazzi E, Vella A, 
Sanctis FD, Canè S, 
et al.

Italy Prospective 
Cohort

Fair

5 Role of Low-Molecular-
Weight Heparin in 
hospitalized patients with 
Severe Acute Respiratory 
Syndrome Coronavirus 2 
pneumonia: A prospective 
observational study

Falcone M, Tiseo G, 
Barbieri G, Russo A, 
Virdis A, Forfori F, 
et al.

Italy Prospective 
Cohort

Good

6 Experience with the use of 
baricitinib and tocilizumab 
monotherapy or combined, 
in patients with interstitial 
pneumonia secondary to 
coronavirus COVID19: A 
real-world study.

Rosas J, Liaño FP, 
Cantó ML, Barea JM, 
Beser AR, Rabasa JT, 
et al.

Spain Case Control Fair

7 Clinical outcomes in a 
cohort of non-ventilated 
COVID-19 patients with 
progressive hypoxemia 
and hyper-inflammatory 
response treated with 
baricitinib

Milligan PS, Amsden 
J, Norris SA, Baker 
RL, Myers J, Preston 
F, et al.

United 
States

Retrospective 
Cohort

Fair

8 Beneficial impact of 
baricitinib in COVID-19 
moderate pneumonia; 
multicenter study.

Cantini F, Niccoli L, 
Nannini C, Matarrese 
D, Natale M Lotti P, 
et al.

Italy Retrospective 
Cohort

Fair

9 Baricitinib therapy in 
COVID-19: A pilot study on 
safety and clinical impact.

Cantini F, Niccoli L, 
Nannini C, Matarrese 
D, Natale M Lotti P, 
et al.

Italy Retrospective 
Cohort

Fair

10 Biological agents for 
rheumatic diseases in the 
outbreak of COVID-19: 
friend or foe?

Santos CS, Férnandez 
XC, Moriano CM, 
Álvarez ED, Castro 
CA, Robles AL, et al.

Spain Retrospective 
Cohort

Good
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S.
N.

Title of study Authors Study 
location

Study design Bias 
assessment

11 Baricitinib plus 
dexamethasone compared 
to dexamethasone for 
the treatment of severe 
COVID-19 pneumonia: A 
retrospective analysis

Pérez-Alba E, 
Nuzzolo-Shihadeh 
L, Aguirre-García 
G, Espinosa-Mora 
J, Lecona-Garcia J, 
Flores-Pérez R, et al.

Mexico Retrospective 
Cohort

Good

12 The effect of baricitinib 
usage on the clinical and 
biochemical profiles of 
COVID-19 patients- A 
retrospective observational 
study

Amarnath A, Das A, 
Mutya VSS, Ibrahim I

India Retrospective 
Cohort

Fair

13 Anakinra vs baricitinib: 
Different strategies for 
patients hospitalized with 
COVID-19

García-García J, 
Pérez-Quintana M, 
Ramos-Giráldez C, 
Cebrián-González I, 
Martín-Ponce M, del 
Valle-Villagrán J, et al

Spain Retrospective 
Cohort

Good

14 Baricitinib improves 
respiratory function in 
patients treated with 
corticosteroids for SARS-
CoV-2 pneumonia: an 
observational cohort study

Rodriguez-Garcia J, 
Sanchez-Nievas G, 
Arevalo-Serrano J, 
Garcia-Gomez C, 
Jimenez-Vizuete J, 
Martinez-Alfaro E.

Spain Prospective 
Cohort

Good

15 Baricitinib against severe 
COVID-19: effectiveness 
and safety in hospitalized 
pretreated patients

Iglesias Gómez 
R, Méndez R, 
Palanques-Pastor T, 
Ballesta-López O, 
Borrás Almenar C, 
Megías Vericat J, et al.

Spain Retrospective 
Cohort

Fair

16 Baricitinib reduces 30-day 
mortality in older adults 
with moderate-to-severe 
COVID-19 pneumonia

Abizanda P, Calbo 
Mayo J, Mas Romero 
M, Cortés Zamora E, 
Tabernero Sahuquillo 
M, Romero Rizos L, 
et al.

Spain Retrospective 
Cohort

Good

17 Efficacy of combination 
therapy with the JAK 
inhibitor baricitinib in the 
treatment of COVID-19

Thomas BL, Gosselin 
J, Libman B, 
Littenberg B, Budd 
R C.

United 
States

Retrospective 
Cohort

Good

18 Combination of baricitinib 
plus remdesivir and 
dexamethasone improves 
time to recovery and 
mortality among 
hospitalized patients with 
severe COVID-19 infection 
(preprint)

Perez-Gutierrez V, 
Shah V, Afsheen A, 
Khalid A, Yangco A, 
Ocrospoma S, et al.

United 
States

Case Control Good

19 Effect of baricitinib in 
patients with coronavirus 
disease 2019 and respiratory 
failure: A propensity 
score-matched retrospective 
cohort study.

Tanimoto T, Tada S, 
Fujita S, Hirakawa 
T, Matsumura M, 
Isoyama S, et al.

Japan Retrospective 
Cohort

Good
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S.
N.

Title of study Authors Study 
location

Study design Bias 
assessment

20 Efficacy of the combination 
of baricitinib, remdesivir, 
and dexamethasone 
in hypoxic adults with 
COVID-19: A retrospective 
study.

Yasuda Y, Hirayama 
Y, Uemasu K, 
Arasawa S, Iwashima 
D, Takahashi K

Japan Retrospective 
Cohort

Fair

21 Use of baricitinib in 
combination with 
remdesivir and steroid in 
COVID-19 treatment: A 
multicenter retrospective 
study.

So, JM, Umeh C, 
Noriega S, Stratton E, 
Aseri M, Gupta R C

United 
States

Retrospective 
Cohort

Good

22 Tocilizumab, netakimab, 
and baricitinib in patients 
with mild-to-moderate 
COVID-19: a retrospective 
cohort study

Bryushkova EA, 
Skatova VD, 
Mutovina ZY, 
Zagrebneva AI, 
Fomina DS, Kruglova 
TS, et al.

Japan Retrospective 
Cohort

Fair

23 Real-life effectiveness 
and safety of baricitinib 
as adjunctive to standard-
of-care treatment in 
hospitalized patients with 
severe coronavirus disease 
2019.

Tziolos N, 
Karofylakis E, 
Grigoropoulos I, 
Kazakou P, Koullias 
E, Savva A, et al.

Greece Retrospective 
Cohort

Good

24 Therapeutic safety 
and efficacy of triple-
immunosuppressants vs 
dual-immunosuppressants 
in severe-to-critical 
COVID-19: A prospective 
cohort study in Bangladesh.

Hasan MJ, Rabbani R, 
Anam AM, Huq SMR

Bangladesh Prospective 
Cohort

Fair

Interventional studies

25 Efficacy and safety of 
baricitinib in patients 
with COVID-19 
infection: Results from 
the randomized, double-
blind, placebo-controlled, 
parallel-group COV-
BARRIER phase 3 trial.

Marconi VC, 
Ramanan AV, Bono 
S, Kartman CE, 
Krishnan V, Liao R, 
et al.

South and 
North 
America, 
Europe, 
Asia.

Double-
blinded RCT

Low

26 Baricitinib plus remdesivir 
for hospitalized adults with 
Covid-19.

Kalil AC, Patterson 
TF, Mehta AK, 
Tomashek KM, Wolfe 
CR, Ghazaryan V, 
et al.

U.S., 
Singapore, 
South 
Korea, 
Mexico, 
Japan, 
Spain, U.K., 
Denmark

Double-
blinded RCT

Low

27 Clinical impact of 
combination therapy with 
baricitinib, remdesivir, and 
dexamethasone in patients 
with severe COVID-19

Izumo T, Kuse N, 
Awano N, Tone M, 
Sakamoto K, Takada 
K, et al.

Japan Double-
blinded RCT

Low
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15 days). The NLD group required greater ICU support and mechanical ventilation 
(29.4% NLD vs 10% LD, P < 0.05 and 11.8% NLD vs 5% LD, P = 0.141, respectively) [24].

Titanji et al. [25] conducted a retrospective cohort study in 15 patients with mod-
erate–severe COVID-19 pneumonia, treated with oral baricitinib (2–4 mg OD for a 
maximum of 7 days) and oral hydroxychloroquine (200–400 mg OD) with standard 
prophylactic treatment of DVT with unfractionated heparin or lower molecular weight 
heparin (LMWH). The combination therapy showed improved clinical status in 73% 
of patients in terms of fever and other presenting symptoms, oxygen requirement, and 
C-reactive protein (CRP) levels, with 80% survival (12/15); three patients died due to 
underlying pre-existing conditions. With no comparator and concurrent administration 
of hydroxychloroquine. With a very small study and no comparator, this study could 
not establish a cause-effect relationship between baricitinib treatment and outcomes.

In Verona, Italy, Bronte et al. [26] observed 76 patients with COVID-19 pneumonia 
prospectively, 20 of whom received 4 mg BD baricitinib for 2 days as an initial loading 
dose, followed by 4 mg OD for 5 days as maintenance dose, in addition to standard 
therapy of hydroxychloroquine and/or antivirals (ritonavir/lopinavir), along with 
supportive therapy with antimicrobials and anticoagulants. The mortality rate in the 
baricitinib cohort was significantly lower than in the standard therapy cohort [1(5%) 
vs 25(45%), respectively]. Similarly, the need for oxygen flow therapy was reduced 
(P < 0.001), as were serum/plasma levels of CRP (P < 0.001), p-STAT3 (P < 0.001), 
as well as T lymphocytes, NK cells, monocytes, IL-1, IL-6, and TNF-α concentrations 
in the baricitinib group. The baricitinib group also showed an absolute increase in 
circulating lymphocytes, IL-8 serum levels, CD4+ T cells, and an increase in the PaO2/
FiO2 ratio (P = 0.02). However, both cohorts faired the same with regards to acute 
respiratory distress syndrome (ARDS) incidence, hospitalization duration, fever 

S.
N.

Title of study Authors Study 
location

Study design Bias 
assessment

28 Combined administration 
of inhaled DNase, 
baricitinib and tocilizumab 
as rescue treatment in 
COVID-19 patients with 
severe respiratory failure

Gavriilidis E, 
Antoniadou C, 
Chrysanthopoulou 
A, Ntinopoulou M, 
Smyrlis A, Fotiadou 
I, et al.

Greece Non-
Randomized 
Open label

Probably 
high risk

29 Baricitinib plus Standard of 
care for hospitalized adults 
with COVID-19 on invasive 
mechanical ventilation or 
extracorporeal membrane 
oxygenation: Results of 
a randomized, placebo-
controlled trial.

Ely EW, Ramanan AV, 
Cynthia EK, Bono S, 
Liao R, Piruzeli MLB, 
et al

Argentina, 
Brazil, 
Mexico, 
U.S.

Double-
blinded RCT

Low

30 Baricitinib vs 
dexamethasone for 
adults hospitalized with 
COVID-19 (ACTT-4): A 
randomized, double-blind, 
double placebo-controlled 
trial

Wolfe CR, Tomashek 
KM, Patterson TF, 
Gomez CA, Marconi 
VC, Jain MK, et al.

United 
States

Double-
blinded RCT

Low

Table 1. 
Summary of the observational and interventional studies.
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resolution, lung involvement as on HR-CT/Chest X ray, CD8+ T cells, the absolute 
number of NK (Natural Killer) cells, and expansion of monocytes.

In a prospective cohort study (with 1:1 matching) in Pisa, Italy, Falcone et al. [27] 
primarily evaluated the effect of LMWH treatment in 244 patients with COVID-
19 pneumonia, as along with assessment of treatment effects of many drugs like 
hydroxychloroquine, proteases inhibitors, doxycycline, corticosteroids, macrolides, 
tocilizumab and remdesivir including baricitinib (n = 40 patients). Only 21 of these 
40 patients, who received baricitinib along with one or more additional drugs, had 
matched controls and were evaluated for outcome. The univariate and multivari-
ate regression analysis for the association between interventions and mortality 
revealed a hazards ratio of 0.14 (P = 0.006) and an aHR of 0.69 (P = 0.45), with a 
mortality of 9% with baricitinib. The hazards ratio for death/severe ARDS was 0.53 
(P = 0.12). When baricitinib intervention was matched with mortality and severe 
ARDS, and regression analysis was performed, the HRs were 1.35 (0.32–5.96) and 
1.38 (0.48–4.01), respectively, with P values of 0.678 and 0.54. The study found 
no significant beneficial (or harmful) effect of baricitinib on the clinical recovery 
of COVID-19 pneumonia patients, but it was clearly underpowered to evaluate the 
effect of baricitinib.

In a retrospective observational study, Rosas et al. [28] compared the effect of 
baricitinib and tocilizumab as monotherapies or in combination with the standard 
of care therapy used for COVID-19 in Spain among 60 patients. The baricitinib 
group (n = 12) received 2 or 4 mg orally, tocilizumab group (n = 20) received weight 
adjusted dose of 400–600 mg, combination group (n = 11) received both baricitinib 
and tocilizumab and a fourth group (n = 17) received neither of the therapies. The 
patients received drugs such as antivirals, azithromycin, hydroxychloroquine, inter-
feron, corticosteroid apart from the above therapies. More than 50% of patients were 
over the age of 70 years. The study revealed no significant mortality benefits of either 
of the treatment regimens. When compared to the standard of care group (neither 
tocilizumab or baricitinib), the baricitinib monotherapy group showed a significant 
reduction in temperature, CRP, D-Dimer, oxygen saturation, and respiratory rate 
(P < 0.05), and the combination group (tocilizumab + baricitinib) showed a similar 
but more significant difference (P < 0.01). When baricitinib was compared to tocili-
zumab monotherapy, it showed greater reductions in CRP, D-Dimer, respiratory rate, 
lymphocytosis, LDH, and temperature. During the study, no relevant side effects 
were recorded with either of the therapies. Baseline comparison revealed that the 
patients receiving baricitinib/tocilizumab presented with a more serious (worsened) 
disease in comparison to those who received neither drug.

Milligan et al. [29] conducted a retrospective longitudinal study in 22 patients 
with COVID-19 pneumonia and compared the effect of baricitinib (2 mg OD orally 
for 7 days) to the standard of care (hydroxychloroquine ± ribavirin ± corticosteroids 
and anticoagulant treatment). The baseline characteristics of the participants differed 
significantly. The study found clinical improvement in patients receiving baricitinib 
therapy; 16 patients did not experience disease progression, while the remaining 
patients died (n = 3) or required mechanical ventilation. Prior to the completion of 
the baricitinib regimen, the oxygen demands of the majority of the patients (77.3%) 
improved by at least one WHO oxygenation criteria. Ferritin and CRP levels fell 
significantly from a median of 885 to 326.5 ng/ml and 20.35 ng/ml to 17.3 mg/dl, 
respectively. Baricitinib caused mild adverse effects such as thrombocytosis (n = 22), 
transaminase elevation (n = 5), while acute kidney injury, AKI (n = 2), lymphopenia 
(n = 1) led to treatment discontinuations.



COVID-19 Drug Development - Recent Advances, New Perspectives and Applications

46

Cantini et al. [15] conducted a pilot ambivalent cohort study in Italy, enrolling 12 
patients with moderate COVID-19 who received baricitinib in addition to standard 
antiviral and hydroxychloroquine therapy. Another 12 patients were matched from 
previous hospital records to serve as controls, who had received the then-standard 
of care therapy. Overall, clinical characteristics and respiratory function parameters 
improved significantly in the baricitinib-treated group. CRP levels decreased signifi-
cantly after 14 days, whereas no significant changes were observed in the controls. 
While none of the baricitinib-treated patients requested ICU transfer, 33% (4/12) of 
the controls did (P = 0.093). In comparison to 8% (1/12) of the controls, 58% (7/12) 
of the baricitinib-treated patients were discharged at 14 days (P = 0.027). Fever, 
SpO2, PaO2/FiO2, CRP, and the Modified Early Warning Score (MEWS) all improved 
significantly when compared to controls.

The same team of researchers also conducted a retrospective longitudinal 
multicentric study in patients who had previously been hospitalized with moderate 
COVID-19 to compare the effectiveness of standard therapy (n = 78) and baricitinib 
(n = 113) administered over the course of 2 weeks as an add-on to lopinavir/ritona-
vir and LMWH. The 2-week case-fatality rate was found to be significantly lower in 
the baricitinib group as compared to the control group (0 vs 6.4% in baricitinib vs 
control, P = 0.01), along with lesser ICU admissions (0.88 vs 17.9%). SpO2, PaO2/
FiO2, transaminase levels, and lymphocyte counts were significantly increased in 
the baricitinib group, while CRP and IL-6 levels were significantly decreased. At 
discharge, the baricitinib group had a significantly lower proportion of patients who 
tested positive for COVID-19 on pharyngeal swabs (2.5 vs 40% in controls) [16].

Santol et al. [30] studied the incidence of COVID-19 pneumonia in patients 
receiving disease-modifying anti-rheumatic drugs (DMARDs) retrospectively. 
COVID was contracted by 40 of 820 rheumatic disease patients. Among the three 
patients were being treated with baricitinib, none developed COVID, indicating that 
the drug may have a protective effect. The study’s major limitations were the very low 
number of COVID-19 cases and patients receiving baricitinib.

In a Mexican retrospective cohort study [31], Alba et al. compared baricitinib in 
combination with dexamethasone (n = 123) to dexamethasone alone (n = 74) among 
hospitalized patients with severe COVID-19. Overall 30-day mortality was signifi-
cantly lower in the combination therapy group (20.3%) than in the dexamethasone 
monotherapy group (40.5%); P < 0.05. Combination therapy did not increase the risk 
of hospital acquired infections.

Another retrospective study from India [32] described the clinical and biochemi-
cal parameters of 31 patients with moderate-to-severe COVID-19 who were treated 
with a combination of baricitinib and remdesivir. At baseline, over 50% of patients 
were males, diabetic, had at least one comorbidity, and all of them received steroids 
along with baricitinib and remdesivir. The treatment reduced oxygen requirement 
over the course of hospitalization (P < 0.05), reduced CRP levels from an average of 
93.9 to 32.3 (P = 0.0001), IL-6 values from an average of 47.5 to 20.8 (P = 0.004), and 
the neutrophil lymphocyte ratio (NLR), with no significant changes in ferritin or 
D-dimer. The study also performed a subgroup analysis, which showed that oxygen 
requirement was higher in older age groups, reduced in individuals with comorbidi-
ties, absent in those with no comorbidities, and showed a decrease in all survivors. 
The CRP value, IL-6, NLR, D-dimer and ferritin all showed a similar trend of reduc-
tion with treatment in older age groups and comorbidities.

Garcia-Garcia et al. [33] carried out a retrospective cohort study in Spain to compare 
the effect of IL-1 inhibitor anakinra (n = 125) vs baricitinib (n = 217) as an add-on 
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to corticosteroid and standard care therapy in hospitalized patients with COVID-19 
pneumonia, and found no differences in mortality (17.6 vs 16.6%). However, a signifi-
cantly lower proportion of patients receiving baricitinib required invasive mechanical 
ventilation than those receiving anakinra (4.6 vs 10.4%; P = 0.039).

Garcia-Rodriguez et al. [34] in a prospective cohort study, compared improvement 
in pulmonary function in patients with moderate to severe COVID-19 pneumonia 
treated with corticosteroids (n = 50) vs combination of corticosteroids and baricitinib 
(n = 62), both in addition to lopinavir/ritonavir and hydroxychloroquine. The com-
bination group improved SpO2/FiO2 significantly more than the corticosteroid alone 
group (mean difference 49; 95% CI 22–77, P < 0.001). Similarly, a significantly lower 
proportion of patients in the combination group required supplemental oxygen at 
discharge and 1 month (25.8%, 12.9%) compared to those in the corticosteroid alone 
group (62%, 28%), with ORs of 0.18 and 0.31 respectively.

In a retrospective analysis by Gómez et al. in Spain [35], 43 hospitalized severe 
COVID-19 patients (SpO2 < 92%) received barictinib 4 mg orally for 5–7 days; 
Majority (84%) of these patients were additionally administered corticosteroids. On 
an 8-category ordinal scale, a substantial median clinical improvement of 3 points 
(IQR 1–4) was noted from day 1 to day 15 (P < 0.01). There was no mortality by 
days 30 and 60, and all participants were discharged with clinical improvement. The 
median recovery time was 12 days. All clinical measures associated with poor prog-
nosis in COVID-19 showed a substantial improvement (P < 0.05), and no noteworthy 
adverse effects were reported.

In a retrospective cohort study, Abizanda et al. [36] enrolled 328 older adults with 
moderate to severe COVID-19 pneumonia (n = 164 each on baricitinib and propensity 
score matched controls). They were divided into two groups: <70 years old (n = 86) 
and ≥70 years old (n = 78), receiving a mean total dose of 17.6 ± 10.2 mg baricitinib 
for a mean 5.9 days of treatment. A few participants were also given tocilizumab, 
anakinra, and corticosteroids. When using Cox proportional hazard models adjusted 
for important covariates, patients in the ≥70 age group had a significantly lower 
30-day fatality rate with baricitinib (HR 0.21; 95% CI 0.09–0.47; P < 0.001). Despite 
a higher disease severity in the baricitinib group, similar results were found in those 
<70 (HR 0.14; 95% CI 0.03–0.64; P = 0.011). This study demonstrated baricitinib’s 
clinical utility and safety in the important subset of elderly patients.

Thoms et al. [37], in their retrospective longitudinal study in the U.S., observed 
the impact of short course baricitinib therapy (4 mg daily either as single dose or 
two divided doses) in 45 COVID-19 positive in-patients in addition to IV remdesivir 
with a loading dose of 200 mg and 100 mg maintenance dose for 4 days along with 
dexamethasone 6 mg IV for 10 days. The patients had an average age of 65 years with 
a predominance of female gender. The average treatment duration was 6 days. Results 
showed a 4.4% mortality over the first 7 days of admission and 13.3% over the entire 
duration of hospitalization among patients, with oxygen supplementation in some 
format required for all participants. There was a reversal in the downward trend of 
hemoglobin levels post commencement of treatment along with CRP, D-dimer, and 
ferritin, and along with increased platelet counts. The Adaptive COVID-19 Treatment 
Trial—Clinical Status (ACTT-CS) scores also showed a significant statistical improve-
ment in response to therapy. Four patients were reported to have experienced a 
hemodynamic shock requiring a vasopressor.

Gutierrez et al. [38] conducted a case control study in New York city consisting 
of 139 COVID patients, and compared the effect of dexamethasone 6 mg OD with 
remdesivir 200 mg IV followed by 100 mg daily IV for 10 days (Standard of Care, 
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SOC) and a combination of baricitinib 4 mg OD with remdesivir for 10 days. The 
SOC group consisted of 51 individuals serving as controls, and 88 patients who 
received SOC plus baricitinib were considered as cases. The groups displayed similar 
baseline characteristics. Thirty-three patients received mechanical ventilation overall, 
of which 14 were in standard therapy (27.45%) and 19 (21.59%) in the baricitinib 
group. There was an increased need for antibiotics in the controls over the cases (76.5 
vs 53.4%, P = 0.007). The individuals who received baricitinib displayed a reduction 
in median time to recovery by 3 days compared to the control group, but this differ-
ence was not statistically significant. The study also performed stratification based 
on oxygen requirement, and those with low flow oxygen (OS5) and high flow nasal 
cannula (OS6) both showed significant reductions in median time to recovery (OS 5: 
3 days lesser, rate ratio of recovery of 2.95 in 95% CI, 1.03–8.42, P = 0.04, OS 6: 2 days 
lesser, Rate Ratio 1.80, 95% CI, 1.09–2.98, P = 0.02).

Tanimoto et al. [39], in their propensity score-matched retrospective cohort 
study, recruited 229 patients in Hiroshima, Japan, to study the effect of baricitinib 
in comparison to standard of care on 30 and 60 day survival after admission. Other 
drugs such as favipiravir, corticosteroids, remdesivir, heparin and tocilizumab were 
also administered to both groups in similar proportions. A logistic regression model 
was used to designate two propensity matched cohorts of similar age, sex, severity 
of disease, BMI, comorbidities, and usage of other drugs. The 30-day survival was 
significantly higher in the baricitinib propensity score-matched cohort (P = 0.03) 
whereas there was no significant statistical difference in the 60-day survival. 
Other outcomes of significance were the need for oxygen therapy in the cohorts 
where a smaller proportion of individuals in the baricitinib group required oxygen 
(P < 0.001), and a better outcome at discharge in the baricitinib cohort (P = 0.02). 
There were no significant differences in the adverse events reported in either group.

Yasuda et al. [40] carried out a single centre retrospective study in Osaka, Japan, 
where they recruited 108 COVID-19 positive patients. Of them, 16 were treated with 
dexamethasone only (6 mg daily for 10 days), 2 with standard of care, 30 received 
the combination of 3 drugs (baricitinib 4 mg or 2 mg for 2 weeks or until no more 
requirement of oxygen therapy with dexamethasone and remdesivir IV with a load-
ing dose of 200 mg and maintenance dose of 100 mg for 5 days), and 60 with only 
remdesivir and dexamethasone (controls). At baseline, the baricitinib group had 
significantly younger individuals (P = 0.006), as well as significantly more severe 
chest X ray abnormalities (P = 0.0248). Patients in the baricitinib group experienced 
a faster recovery (3 days less, P < 0.001), with a recovery rate of 90% in the barici-
tinib group and 63.3% in the control group (P = 0.011). All-cause mortality was also 
significantly lower in baricitinib (6.7 vs 28.3%, P = 0.0263), with a ratio of recovery 
at 5.26 (95% CI, 1.99–13.9, P < 0.001). Among the 39 patients receiving oral antico-
agulants, the recovery rate was 90 vs 44.4% (baricitinib vs control, P = 0.0089). The 
study identified age and anticoagulants to be significantly associated with recovery 
time. Baricitinib showed an accelerated recovery in patients aged 65 years or above 
(P = 0.039) but no such difference in those below 65 years of age (P = 0.307).

So et al. [41], in their retrospective cohort study, included 100 COVID-19 diag-
nosed patients in Southern California, U.S., to compare the efficacy of baricitinib in 
comparison to other treatment regimens used in the hospital. Those who received 
baricitinib were less likely to be in the intensive care units as compared to those 
who did not (45.8% of ICU patients took baricitinib and 56.2% did not, P = 0.017). 
Kaplan–Meier analysis revealed that patients who received baricitinib have an 
increased survival as compared to those who did not (26 days, 95% CI 11.7–40.3, vs 
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14 days, 95% CI 12.4–15.6, P = 0.045). The study also revealed that 33% of patients 
on baricitinib showed an elevation of liver enzymes post commencement of drug 
administration but not severe enough to indicate an abrupt discontinuation of treat-
ment and returned to normal after stopping treatment.

Bryushkova et al. [42], in their retrospective cohort study on 154 COVID-19 
patients in Moscow, Russia, compared the effects of three drugs namely baricitinib, 
netakimab and tocilizumab along with the standard of care including hydroxychlo-
roquine (400 mg BD on day 1 and 200 mg BD on days 5–10), azithromycin (500 mg 
once per day for 5 days), lopinavir–ritonavir (400/100 mg twice per day for 14 days), 
and low molecular-weight heparin according to indications. The cohorts consisted of 
38 individuals who received baricitinib, 48 received netakimab, 34 received tocili-
zumab and 34 received only the standard of care, and showed significant baseline dif-
ferences in neutrophil lymphocyte ratio, lactate dehydrogenase (LDH) and NEWS-2 
median score among the cohorts. The CRP and LDH levels showed significant 
reduction in the tocilizumab group and netakimab group but not in baricitinib and 
SOC after 72 h; reduced in all groups majorly after 120 h. In similar trends, NEWS-2 
score improved in 72 h for tocilizumab and netakimab, and in 120 h for tocilizumab, 
netakimab and baricitinib. The NLR showed a decrease in the baricitinib group but an 
improvement in netakimab and tocilizumab groups. In comparison to the baricitinib 
(31.6%) and SOC (23.5%) groups, the proportion of patients who were discharged 
5–7 days after the initiation of therapy was greater in the tocilizumab (44.1%) and 
netakimab (41.7%) groups. The SOC (9%) and baricitinib (3%) groups had greater 
mortality rates than tocilizumab (0%) and netakimab (0%) groups.

A retrospective cohort study conducted by Tziolos et al. [43] in Athens, Greece 
assessed the role of baricitinib (4 mg/day for 14 days or discharge) as an add-on 
therapy to the standard of care in 369 hospitalized patients with COVID-19 which 
included dexamethasone (6 mg/day), remdesivir (200 mg/day on day 1 followed by 
100 mg/day for subsequent days) and low molecular weight heparin for thrombo-
prophylaxis apart from antimicrobials as per the physicians discretion. The standard 
of care regimen was provided to 47.7% of the patients and the remaining received 
baricitinib as an add-on. At baseline, patients in the standard of care group showed 
increase comorbidities of hypertension, CVD, heart failure, end stage renal disease 
(ESRD) and active neoplastic or inflammatory disease and those in the baricitinib 
group were significantly younger (61.6 ± 12.7 vs 69.1 ± 13.5 years, P < 0.001), 
received remdesivir more often, and an intermediate dose of LMWH and oxygen 
by high flow nasal cannula (P < 0.05 for both). The baricitinib combination showed 
a reduced overall mortality (14.7 vs 26.6%, P = 0.005), achieved a lower composite 
outcome of ICU admission and all-cause mortality (22.3 vs 36.9%, P = 0.002). When 
subgroup analysis as per ARDS severity was performed, the mortality, and the 
composite outcome was statistically significant in favor of the combination group 
for both subgroups. No significant difference in thromboembolic events were seen in 
either group.

Hasan et al. [44], in their third published study on use of baricitinib in COVID-19, 
conducted a prospective cohort study in 103 adult patients who were divided into two 
groups by simple random sampling as 49 participants in group A (receiving barici-
tinib 4 mg OD PO for 14 days plus secukinumab two doses 48 h apart 300 mg IV) and 
54 participants in group B (baricitinib plus secukinumab single dose in similar doses 
as A plus tocilizumab 8 mg/Kg single dose IV). All patients received dexamethasone 
0.25 mg/Kg in divided doses, remdesivir 200 mg IV loading plus 100 mg mainte-
nance for 10 days IV, LMWH, and antimicrobials for infections. The number of male 
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patients in both groups was higher and the median time of hospitalization was 7 
and 9 days in group A and B respectively. Group B showed a quicker median day to 
achieve normal SpO2, lower requirement of ICU and mechanical ventilation (N = 54) 
28.6%/16.7% (P = 004); 18.4%/11.1% (P = 038), lower risk of ARDS (OR = 0.43, 
P = 0.045) and a lower 60 day all-cause mortality 14.29% (N 1/4 49) vs 7.41% (N 1/4 
54); OR 0.35 (0.08–1.44), 95% CI). However, group B also showed a higher rate of 
adverse events.

2.2 Interventional studies

Marconi et al. [45] published the findings of the phase 3 COV BARRIER trial, a 
randomized placebo-controlled double blind study that enrolled adult hospitalized 
symptomatic COVID-19 patients who required low flow oxygen and had atleast 
one elevated inflammatory marker (CRP, D-dimer, LDH, ferritin). This trial was 
carried out at 101 sites in 12 countries across South and North America, Europe, 
and Asia. It enrolled a total of 1525 participants who received either oral baricitinib 
4 mg (n = 764) or placebo once daily for 14 days (1:1), in addition to standard of 
care (SOC), which included low dose systemic corticosteroids (79.3%, mostly dexa-
methasone), remdesivir (18.9%), and anticoagulants. All patients were monitored for 
disease progression and mortality until day 28 and then again until day 60. No sig-
nificant difference was seen in the proportion of patients who progressed (requiring 
high flow oxygen, non-invasive/invasive ventilation, or death) after treatment with 
baricitinib vs placebo [27.8 vs 30.5%; OR 0.85, 95% CI 0.67–1.08; P = 0.18] on day 
28. However, in a prespecified secondary endpoint analysis, baricitinib significantly 
reduced the all-cause mortality on day 28 compared to placebo (8.1 vs 13.1%, HR 0.57, 
95% CI 0.41–0.78, P = 0.0018). On day 60 also, mortality was reduced significantly 
(HR 0.62, 95% CI 0.47–0.83, P = 0.005). The survival benefits were more pronounced 
in patients with more severe disease at baseline. There were no appreciable differences 
in treatment-emergent adverse events (44.5 vs 44.4%), serious adverse events (14.7 
vs 18%), serious infections, or venous thromboembolic events between baricitinib 
vs placebo. The trial showed that the combination of baricitinib and corticosteroid 
therapy significantly lowers mortality among patients of moderate—severe COVID-
19 who are hospitalized.

The results of the first stage of the Adaptive COVID-19 Treatment Trial (ACTT-1) 
demonstrating the efficacy of remdesivir treatment in hospitalized COVID-19 
patients with pneumonia were released in May 2020 [46]. In ACTT-2 [47], the 
efficacy of treatment with remdesivir in combination with baricitinib was compared 
to remdesivir plus placebo (control) in 1033 hospitalized adults with COVID-19. 
The combination group patients (n = 515) were given oral baricitinib at a daily dose 
of 4 mg for 14 days, or until hospital discharge/death along with IV remdesivir in 
a loading dose of 200 mg on day one, followed by a maintenance dose of 100 mg 
from day 2 to day 10, or until hospital discharge/death Patients who got remdesivir 
in combination with baricitinib had quicker recovery than those who received only 
remdesivir (median 7 vs 8 days; RR for recovery 1.16; 95% CI 1.01–1.32; P = 0.03). 
The combination group had a faster median time to recovery of 10 days compared to 
18 days among patients getting high flow oxygen or non-invasive ventilation (RR 1.51; 
95% CI 1.10–2.08). The RR of recovery was 0.88 (95% CI 0.63–1.23), 1.17 (95% CI 
0.98–1.39) and 1.08 (95% CI 0.59–1.97) for patients who received no oxygen, supple-
mental oxygen, and mechanical ventilation respectively. After 28 days, the overall 
mortality rate was relatively lower in the combination group (5.1 vs 7.8%, HR 0.65; 
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95% CI 0.39–1.09). Patients who received supplemental oxygen had a relatively lower 
mortality rate than those who received high flow oxygen (1.9 vs 4.7%; HR 0.40; 95% 
CI 0.14–1.14 or non-invasive ventilation (7.5 vs 12.9%; HR 0.55; 95% CI 0.22–1.38), 
but results were not statistically significant. Patients in the combination group 
recovered in 6 days on an average compared to 8 days in the control group (RR 1.21; 
95% CI 1.06–1.39). In the combination group, 40.7% (n = 207) patients experienced 
grade 3 or 4 adverse events (anemia, hyperglycemia, decreased lymphocyte count, 
and acute kidney injury), compared to 46.8% (n = 238) patients in the remdesivir 
group. Among these, a significantly higher proportion of patients experienced serious 
adverse events in the remdesivir group (21%) compared to the combination group 
(16%); a difference of −5.0% (95% CI, −9.8 to −0.3; P = 0.03). This trial concluded 
that baricitinib in combination with remdesivir is superior and safer than remdesivir 
alone, with fewer serious adverse events. Combination therapy also helps patients 
recover faster and accelerates improvements in clinical status, especially among those 
who require high flow oxygen or non-invasive ventilation.

A small interventional study was conducted by Izumo et al. [48] in Tokyo, Japan, 
on COVID-19 patients with severe or critical disease without renal dysfunction. 
A total of 44 patients were given a triple combination therapy of oral baricitinib 
4 mg (up to 14 days), standard IV remdesivir regimen (up to 10 days), and IV 
dexamethasone 6 mg (up to 10 days). Overall, the results demonstrated that mortal-
ity was low (2.3%), with no need for invasive mechanical breathing in majority of 
patients (90%). The median length of hospitalization was 11 days whereas ICU stay 
was 6 days on an average, with a 9-day median recovery time. Adverse events were 
reported in 34% (15/44) patients. This was the first trial to demonstrate the safety 
and efficacy of a triple combination of baricitinib, remdesivir and corticosteroids 
in hospitalized COVID-19 patients. However, its primary weakness was the lack of a 
comparison group.

Through a non-randomized open label study in Greece, Gavriilidis et al. [49] 
analyzed the effect of various treatment modalities in the reduction of in-hospital 
mortality in 78 RT-PCR diagnosed COVID-19 patients. Participants were catego-
rized into four groups: 26 patients received standard of Care (SOC) that included 
dexamethasone 6–8 mg OD, LMWH, antibiotic prophylaxis and supportive care, 
11 patients received SOC and tocilizumab intravenously at a single dose of 8 mg/kg 
body weight (TOCI), 19 patients received SOC plus anakinra at a dosage of 200 mg 
BD for 3–6 days followed by 100 mg BD up to 10 days (ANA) and the COMBI 
group of 22 patients received a combination of tocilizumab, anakinra, dornase alfa 
(2500 IU/BD for 2 weeks) with budesonide (800 ug/BD) and salbutamol, and bar-
icitinib at 4 mg OD if GFR >60 ml/min or 2 mg OD for 2 weeks. The baseline char-
acteristics of all groups were similar. The SOC group observed 9 deaths (34.6%) and 
10 intubations (38.5%) with a mean duration of hospital stay of 19.4 days, the ANA 
group had 6 deaths and intubations (31.6%) with an average duration of hospital 
stay of 23.9 days, the TOCI group showed 7 deaths (63.6%) and an average duration 
of 19.4 days of hospital stay and the COMBI group showed the lowest mortality of 2 
deaths (9.1%, P = 0.014), lowest intubation rate (P = 0.013) and the lowest average 
hospital stay of 15.6 days (P = 0.019). Apart from these outcomes, the COMBI group 
also showed a prolonged survival (P = 0.003) after a median follow up of 110 days, 
an increase in ALC count (P = 0.021), and reduction in CRP levels (P = 0.002). 
Though the study demonstrates a reduction in mortality with the combination 
therapy including baricitinib, the lack of randomization and unequal group sizes are 
important limitations.
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Wesley et al. [50] have published the results of an exploratory trial following the 
phase 3 COV-BARRIER trial which was a multicentric (18 centers across Argentina, 
Brazil, Mexico and the U.S.A.), randomized, double-blinded placebo controlled par-
allel group trial to compare the effect of baricitinib on all-cause mortality at day 28 
and 60, overall improvement of clinical status, duration of hospitalization or time 
to recovery in COVID-19 patients. This study recruited 101 participants randomized 
1:1 into baricitinib 4 mg or 2 mg if GFR < 60, l/min/1.73 m2 (n = 51) and placebo 
(n = 50) for 14 days or up to discharge. All participants received the standard of 
care which included medications such as corticosteroids, antivirals, vasopres-
sors, and prophylaxis for venous thromboembolic events as per local practice. All 
participants had at least one underlying comorbid condition. The median duration 
of treatment exposure was 12 days in the placebo group and 11 in the baricitinib 
group. The baricitinib group significantly reduced all-cause mortality by day 28 
(39% in baricitinib vs 58% in placebo, HR 0.54, 95% CI 0.31–0.94., P = 0.03) with 
a 46% relative reduction and 19% absolute risk reduction, with a similar significant 
reduction at day 60 also (23 [45%] events vs 31 [62%]; HR 0.56 [95% CI 0.33–0.97]; 
P = 0.027; 44% relative reduction; absolute risk reduction 17%). The study revealed 
no significant differences in the number of ventilator free days or mean duration 
of hospitalization. Both groups showed a high proportion of treatment-emergent 
adverse events where 44 of 50 participants (88%) in the baricitinib group and 47 
out of 49 (96%) in the placebo group reported at least one event, while 50% in the 
baricitinib arm and 71% of the placebo arm reported at least one serious adverse 
event, causing 28 and 35% of the patients to discontinue treatment in the baricitinib 
and placebo group respectively. There were five (10%) and three (6%) deaths due 
to adverse events in the baricitinib and placebo arm respectively. Overall, the study 
supported the results of the COV BARRIER trial by showing consistent results in 
reducing mortality in critically ill hospitalized patients with COVID-19 for bar-
icitinib compared with placebo (plus standard of care, including corticosteroids), 
albeit in a small sample size.

Most recently, the results of ACTT-4 have been published (May 2022) [51], in 
which 1010 hospitalized patients with COVID-19 requiring supplemental oxygen or 
non-invasive mechanical ventilation were randomized to receive either baricitinib 
plus remdesivir (51%, n = 503) or dexamethasone plus remdesivir (49%, n = 482) at 
67 sites across the world. All patients received remdesivir (≤10 days) and either bar-
icitinib for a maximum of 14 days or dexamethasone for a maximum of 10 days. There 
was no difference between the two groups in the primary outcome of mechanical 
ventilation-free survival by day 29 [87.0% in the baricitinib plus remdesivir vs 87.6% 
in the dexamethasone plus remdesivir group; risk difference 0.6 (95% CI −3.6 to 4.8 
and P = 0.91)]. Similar results were seen with odds ratio for improved clinical status at 
day 15 which was similar between the two groups. Outcomes were statistically similar 
for mortality at 29 days (2.9 vs 4.7% for baricitinib vs dexamethasone combination 
groups) or 60 days (6.8 vs 8%). Outcomes were consistently similar among different 
geographical regions, gender, race, and ethnicity as well. The safety analysis showed 
that 4% of patients in the baricitinib plus remdesivir group and 10% of patients in 
the dexamethasone plus remdesivir group experienced at least one treatment-related 
adverse event (risk difference: 60%; P = 000041). So, when combined with remde-
sivir, baricitinib is a significantly safer treatment option than dexamethasone, with 
severe or life-threatening grade 3 or 4 adverse events occurring in 28% of patients in 
the baricitinib plus remdesivir group compared to 36% of patients in the dexametha-
sone plus remdesivir group (P = 0012).
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3. Summary of evidence

The COVID-19 pandemic has presented extremely challenging conditions for 
clinicians across the globe due to its infectivity, morbidity and mortality, character-
ized by the spread of lethal pneumonia in up to 15–20% of the cases [11]. The current 
therapeutic strategies for hospitalized patients are focused on the use of anti-inflam-
matory agents like corticosteroids, IL-6 inhibitors, antivirals agents like remdesivir, 
molnupiravir or a few monoclonal antibodies in combination with standard sup-
portive care. There is still a need for more therapeutic alternatives for the hospitalized 
COVID-19 patients who are at risk of developing life-threatening complications such 
as ARDS and multiorgan dysfunction. In this context, the US FDA granted a EUA in 
November 2020 for baricitinib, an oral Janus Kinase inhibitor that inhibits cytokine 
release, to be used at a dose of 4 mg once daily in hospitalized adult patients with 
moderate to severe COVID-19 pneumonia in combination with remdesivir.. The FDA 
revised this EUA in July 2021 to allow the use of baricitinib alone (without remdesi-
vir) for the treatment of COVID-19 in hospitalized adults and children ≥2 years of age 
who require supplemental oxygen, non-invasive or invasive mechanical ventilation, 
or ECMO [6]. Finally, in May 2022, the FDA has given full approval to baricitinib to 
be used for hospitalized COVID-19 adult patients as per the same conditions laid out 
in the EUA, while the use in children is still under the EUA.

In this chapter, we have attempted to meticulously unearth the evidence regard-
ing the use of baricitinib as an anti-inflammatory drug for the treatment of COVID-
19. Data from published observational and interventional studies reveal promising 
immunomodulatory and anti-inflammatory effects of baricitinib as monotherapy or 
in combination with other drugs in improving clinical and biochemical parameters, 
and other relevant disease markers in patients hospitalized with moderate to severe 
COVID-19. A lot of the initial evidence has come from observational studies on dif-
ferent drugs being tried in patients admitted in hospitals due to COVID-19, rather 
than the conventional gold standard RCTs; the published observational studies of 
different types outnumber the published interventional trials. Though the quality 
of evidence from observational studies (or NRSIs) may be relatively lower, the sheer 
number of parallel conclusions, supported by the evidence from the limited RCTs 
point to substantial benefits of using baricitinib in the treatment of COVID-19.

Among the multiple studies attempted to investigate clinical benefits of baricitinib 
in hospitalized COVID patients, some have compared the efficacy of baricitinib alone 
to the standard of care (antivirals, immunomodulators, protease inhibitors etc.), with 
different dosing regimens or loading dosages, and others have studied baricitinib as a 
part of a multi-drug pharmacological treatment regimens with different comparators. 
Despite the considerable heterogeneity in terms of study populations, sites, study 
designs, treatment regimens, significant study limitations, as well as the differences 
in summary measures, the evidence available is largely in favor of utility of the drug 
in COVID-19 in improving key clinical outcomes and/or biochemical or laboratory 
parameters, supported by an acceptable/satisfactory safety profile.

Among the 24 observational studies which include 16 retrospective cohort, 5 
prospective cohort, and 3 case control studies, baricitinib has been compared to 
other drugs such as tocilizumab [28], used in various doses [23, 34], and therapeutic 
effects of loading dose changes or combination with other drugs have been assessed 
[24–29, 34] including IL-6 inhibitors, steroids and LMWHs like enoxaparin. The 
majority of the findings favor baricitinib due to its benefits in improving COVID-19 in 
terms of clinical, biochemical, and other disease characteristics. However, baricitinib 
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treatment did not result in a substantial reduction in mortality in some of the studies 
[24, 27, 28]. Few studies also revealed an increased incidence of adverse reactions such 
as mouth sores [23], infections [29], and thrombocytopenia [23, 28] with baricitinib 
treatment. But no study showed an inferiority of baricitinib in efficacy. Major draw-
backs stem from the observational nature which introduces numerous methodologi-
cal limitations and flaws along with biases, and the short duration of treatment and/
or follow up periods along with limited sample sizes. Key concerns in these studies 
include selection bias and confounding errors resulting from lack of randomiza-
tion which were addressed to some extent in few studies; most could not.. Among 
the observational studies, 11 received a “fair” score and 13 received a “good” score 
when evaluated using the study quality evaluation tool [22], validated for evaluating 
observational research quality.

The findings of three large randomized controlled trials (RCTs) have been pub-
lished. ACTT-2 results led to the EUA for baricitinib (with remdesivir) in hospital-
ized COVID-19 patients. The trial found that baricitinib + remdesivir (and standard 
of care) significantly reduced median time of recovery and mortality rate compared 
to control group (5.1 vs 7.8%) [47]. A similar reduction in mortality by 38.2% was 
also reported by Marconi et al.. in the experimental arm of oral baricitinib 4 mg 
plus standard treatment compared to controls who received placebo in addition to 
standard treatment (34). There was also improvement in participants’ requirement 
for oxygen therapy especially in those who received high flow oxygen or for non-
invasive ventilation. Encouragingly, fewer episodes of severe adverse events were 
seen in participants belonging to the baricitinib group compared to the standard of 
care. The ACTT-4 trial compared the combination of remdesivir with baricitinib 
or dexamethasone in hospitalized patients with COVID-19 requiring supplemental 
oxygen or non-invasive ventilation and showed that both combinations resulted 
in similar efficacy outcomes like mechanical ventilation-free survival by day 29, 
mortality and clinical status improvement. However, the baricitinib combination 
was found to be safer as dexamethasone was associated with significantly higher 
proportion of treatment-related adverse events, as well as severe or life-threatening 
adverse events [51]. The risk of bias was assessed using the risk of bias (ROB 2.0) 
tool [21]. All three RCTs were graded as having overall ‘low risk of bias’. Besides 
these RCTs, results of three other interventional trials also support similar findings 
for the clinical utility of baricitinib among different COVID-19 patient populations.

As results from more ongoing RCTs get published, the evidence is likely to grow 
stronger.

3.1 Ongoing clinical trials

In addition to the published data, it is important to review the key ongoing 
registered clinical trials on use of baricitinib in treatment of COVID-19 to gain an 
understanding of the type of evidence expected in the future. There are currently 
multiple (>10) ongoing clinical trials evaluating the safety and efficacy of oral barici-
tinib alone or in combination for treatment of COVID-19 patients. Table 2 provides 
key features of some of these registered trials, usually multicentric RCTs, listed on 
global clinical trial registries whose results have not been declared or published. One 
trial each is in phase III and IV, one is in phase II/III, four are in phase II, and one is in 
phase Ib/II.

Among the late phase trials, the TACTIC-R is a phase IV multi-arm platform trial 
proposed to be conducted at multiple centers across U.K. [52, 61]. It is a parallel 3-arm 
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S. 
N.

Trial 
identifierand 
phase

Trial 
setting - 
Patient 
population

Last 
updated 
status

Official title Sponsor/lead 
institution, 
Country

1 NCT-
04390464 
[52]
Phase- IV

Hospitalized Recruiting 
status 
unknown

mulTi-Arm Therapeutic 
study in pre-ICu patients 
admitted with Covid-
19—Repurposed Drugs 
(TACTIC-R):

Cambridge 
University 
Hospitals NHS 
Foundation 
Trust
United  
Kingdom

2 NCT-
04832880 [53, 
54]
Phase- III

Hospitalized Not yet 
recruiting

Factorial, Multicentric, 
Randomized Clinical 
Trial of Remdesivir 
and Immunotherapy 
in Combination with 
Dexamethasone for 
Moderate COVID-19 (the 
AMMURAVID Trial)

ASST 
Fatebenefratelli 
Sacco
Italy

3 NCT-
04320277 [55]
Phase- II/III

Hospitalized Recruiting 
status 
unknown

Baricitinib Combined 
with Antiviral Therapy 
in Symptomatic Patients 
Infected by COVID-19: an 
Open-label, Pilot Study 
(BARI-COVID)

Hospital of 
Prato
Italy

4 NCT-
04399798 
[56]
Phase- II

Hospitalized Recruiting 
status 
unknown

Baricitinib for coRona Virus 
pnEumonia (COVID-
19): a THerapeutic Trial 
(BREATH): A proof-of 
Concept Study of the Use 
of Janus Kinase 1 and 2 
Inhibitor, Baricitinib, in the 
Treatment of COVID-19-
related Pneumonia:

IRCCS 
Policlinico S. 
Matteo
Italy

5 NCT-
04393051 
[57]
Phase- II

Hospitalized Recruiting 
status 
unknown

BARICIVID-19 STUDY: 
Multicenter, Randomized, 
Phase IIa Clinical Trial 
Evaluating Efficacy and 
Tolerability of Baricitinib 
as add-on Treatment of 
In-patients With COVID-19 
Compared to Standard 
Therapy

Azienda 
Ospedaliero, 
Universitaria 
Pisana
Italy

6 NCT-
04346147 
[58]
Phase- II

Hospitalized Active, 
not 
recruiting

Clinical Trial to Evaluate 
Efficacy of 3 Types of 
Treatment in Patients with 
Pneumonia by COVID-19 
(Covid19COVINIB): 
Prospective, Phase II, 
Randomized, Open-label, 
Parallel Group Study to 
Evaluate the Efficacy of 
Baricitinib, Imatinib or 
Supportive Treatment in 
Patients with SARS Cov2 
Pneumonia

Hospital 
Universitario de 
Fuenlabrada
Spain
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(1:1:1) randomized trial evaluating baricitinib 4 mg OD and ravulizumab as a poten-
tial treatment for COVID-19 among hospitalized patients in comparison to standard 
treatment alone over a 14-day treatment period with follow-ups at day 28 and day 90 
post-discharge. The safety and efficacy of different treatment arms will be assessed 
on a 7-point pulmonary scale, death, invasive mechanical ventilation, non-invasive 
ventilation or high flow oxygen, low flow oxygen, no oxygen, and status at discharge.

The phase III AMMURAVID RCT is proposed to be conducted across 21 study 
locations in Italy [53, 54] and is expected to enroll approximately 4000 participants 
with hospitalized COVID-19. The trial aims at evaluating the efficacy of remdesivir, 
baricitinib (4 mg), and remdesivir plus baricitinib vs the control arm (IV dexametha-
sone 6 mg × 10 days). The primary objective is minimization of progression of severe 
respiratory failure in COVID-19, as well as effect on immune response markers.

The BARI-COVID is an open-label, non-randomized trial [55] to investigate the 
efficacy of baric prospective cohort, and 3 case control studies itinib in combination 
with antiviral treatments in hospitalized patients with mild to moderate COVID-19. It 
is expected to enroll 200 participants in Italy. The experimental arm participants will 
be given 4 mg baricitinib orally in combination with lopinavir/ritonavir once daily. 
Participants in the control arm will be given antiviral treatment or hydroxychloro-
quine for 2 weeks. Comparison of proportion of participants requiring ICU hospital-
ization and assessment of CRP, IL-6, and TNF levels are the primary endpoints.

BREATH [56], a pilot treatment trial in Italy, is an open label study to evaluate the 
safety and efficacy of oral baricitinib 4 mg for 7 days in hospitalized patients with 
COVID-19 pneumonia. There are no comparator or control arms. Measurement of 
oxygenation impairment (PaO2/FiO2) and mortality on day 8 are endpoints. On 15th 
day, assessment of the participants will be done for median SpO2, number, types and 
severity of adverse events, biological assessments (level of various interleukins, TNF 
alpha, interferon gamma, viral load etc.) and rate of mortality.

Baricivid-19 [57], a phase II multicenter RCT in Italy, enrolled 126 patients (cur-
rent status unclear) to compare baricitinib at a dose of 4 mg orally for 14 days (plus 

S. 
N.

Trial 
identifierand 
phase

Trial 
setting - 
Patient 
population

Last 
updated 
status

Official title Sponsor/lead 
institution, 
Country

7 NCT-
04321993 [59]
Phase- II

Hospitalized Recruiting Treatment of Moderate to 
Severe Coronavirus Disease 
(COVID-19) in Hospitalized 
Patients

Lisa Barrett, 
Nova Scotia 
Health 
Authority
Canada

8 20-0356 [60]
Phase- Ib/II

Hospitalized Recruiting A Phase I/II Clinical Trial 
to evaluate the efficacy 
of baricitinib to prevent 
respiratory insufficiency 
progression in onco-
hematological patients 
affected with COVID19: 
A structured summary 
of a study protocol for a 
randomized controlled trial

Institutional 
Crowd Funding
Spain

Table 2. 
Registered on-going clinical trials to evaluate the efficacy and safety of baricitinib in COVID-19 patients.
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standard of care) against standard of care in hospitalized patients with COVID-19 
pneumonia. The primary outcome is reduction in invasive ventilation at week 1 and 
2, and there are multiple secondary endpoints like mortality (at 14, 28 days), time to 
invasive mechanical ventilation, length of hospital/ICU stays, toxicity.

Covid19COVINIB [58], an open label phase II RCT is proposed to enroll 165 
patients to compare baricitinib and imatinib to supportive care therapy in patients 
with early COVID-19 pneumonia. The participants are designated to receive 400 mg 
OD of oral imatinib and 4 mg OD of oral baricitinib. Clinical improvement by at least 
two points on a 7-point ordinal scale is the primary end point, while safety (number 
of major side effects and early treatment cessation) and tolerability after 30 days are 
the secondary end points.

Another phase II trial is proposed in Canada, a non-randomized study on 800 
adult patients hospitalized with moderate–severe COVID-19. Participants are to 
receive 2 mg oral baricitinib once day for 10 days, and the control arm would receive 
normal treatment. The primary objective of is to assess how long it takes for indi-
viduals to show clinical improvements in respiratory rate, fever, normal pulmonary 
function, and oxygen saturation.

The primary goal of the BARCOVID19 [60] trial in Spain is to ascertain the toler-
ability of baricitinib in oncohematological patients who have COVID-19 in phase I. It 
is anticipated that 136 participants will enroll in the trial. The aim of phase II of this 
trial is to establish if baricitinib (2–4 mg) reduces the inflammatory response caused by 
COVID-19, and prevents the development of severe ARDS in oncohematological patients 
as compared to other therapies given at the discretion of the investigator. Remdesivir or 
dexamethasone administration will be allowed if specific indications exist.

These ongoing clinical trials include different phases, randomized/non-
randomized, single/multicentric studies in geographically diverse locations, with 
different doses of baricitinib. Indications include the different disease severities, 
and assessments are at varying timepoints or intervals for a plethora of COVID-19 
related outcomes. However, the recruiting status of most of these trials is uncertain. 
Nevertheless, if evidence comes from these studies, it can be expected to be robust. 
The TACTIC-R platform trial in the UK is especially interesting, being a phase IV 
study, as baricitinib is still under review for approval of use in COVID-19 by the EMA 
[9], and its approval for COVID-19 in UK could not be found. The NICE recently 
approved the medication for moderate to severe atopic dermatitis in March 2021 [62]. 
Current knowledge about the Omicron variant of the SARS-CoV-2 virus is relatively 
limited in terms of its transmissibility, severity of disease as well as effectiveness of 
currently available vaccines and treatments including the newer treatments [63]. 
It has raised further question marks over the adequacy of treatment options avail-
able for management of COVID-19, for all grades of disease, and the apprehension 
towards new waves of the pandemic persists.

3.2 Current status of recommendation and limitations

In terms of the current status of recommendations for baricitinib in COVID-19 
treatment, the US NIH COVID-19 treatment guidelines (February 2022) include 
baricitinib as an add-on treatment option to corticosteroids and/or remdesivir for 
hospitalized adult patients requiring oxygen or non-invasive ventilation, with the 
strength of recommendation being weak in patients requiring supplemental oxygen, 
and moderate in patients needing high flow oxygen or non-invasive ventilation [64]. It 
is also recommended that baricitinib not be used in combination with tocilizumab as 
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both are potent immunosuppressants, leading to increased risk of infection. The WHO 
therapeutics and COVID-19 living guidelines have given strong recommendation (since 
January 2022) for the use of baricitinib as an alternative to IL-6 inhibitors in combina-
tion with corticosteroids in patients with severe or critical COVID-19, which includes 
hospitalized patients with SpO2 < 90%, signs of pneumonia, signs of severe respiratory 
distress, ARDS, sepsis /septic shock or requiring mechanical ventilation. However, 
baricitinib does not find a place as of now in the treatment recommendations/guide-
lines for COVID-19 from the UK-NICE or in countries like India, even though the drug 
has actually received an emergency approval in India [65, 66].

The qualitative synthesis of evidence that has been described in this chapter is 
quite comprehensive. But despite using the comprehensive WHO database of COVID 
research, a collection of most of the recognized electronic databases globally, for the 
literature search, there may still have been omissions especially from areas like gray or 
non-published literature. Majority of the studies finally selected were observational- 
mostly retrospective cohort, whereas only six published interventional studies could 
be found at the time of writing. In the hierarchy of evidence, observational studies 
are considered a relatively lower level of evidence. Non-uniformity of studies in terms 
of participants, outcomes, confounders etc. affects the external validity in the final 
analyses. As most of these studies are hospital based, a Berksonian bias is also likely to 
be present. The results of multiple clinical trials are not yet available as these are still 
ongoing or their current status is unknown.

4. Conclusion

Multiple observational and interventional studies published till date show that 
baricitinib used alone or in combination with other drugs, as an add-on to standard of 
care, reduces the mortality and producessignificant clinical improvements in patients 
hospitalized with severe to moderate COVID-19, particularly those requiring high 
flow oxygen or ventilation. Approval of the drug by the FDA for treatment of COVID-
19 among hospitalized adults, as well as the strong recommendation by the WHO for 
its use as an add-on alternative option to be used in combination with corticosteroids, 
accurately justifies its current status as an established therapeutic approach for 
COVID-19.
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Abstract

The long-term effects of infections such as COVID-19 survivor therapy and 
post-coronavirus infection are still being researched. The severe acute respiratory 
syndrome (SARS-CoV-2)-caused new coronavirus disease (COVID-19) outbreak 
is seeing a significant increase in affected individuals worldwide. In severe and 
critical COVID-19 patients, SARS-CoV-2 has been demonstrated to disrupt normal 
immunological responses, resulting in a weakened immune system and uncontrolled 
inflammatory reactions. Lymphocytic activation and dysfunction, granulocyte and 
monocyte abnormalities, elevated cytokine levels, and a rise in immunoglobulin G 
(IgG) and total antibodies are all seen in these patients. Scientists from all over the 
world are working constantly to identify particular treatments and vaccinations for 
Covid-19. Several cases of treatment have been recorded by homeopathic practitio-
ners around the world, with encouraging results. Bryonia alba, Phosphorus, Arsenic 
album, Gelsemium sempervirens, and Camphora are some of the Homeopathic 
medicines that have shown to be effective. Government of India (Ministry of AYUSH) 
has promoted and approved Arsenic album 30 as an immune booster for its potential 
involvement in preventing COVID-19, and findings are gradually favoring for this 
drug. In the management of post-COVID-19 outcomes, homeopathy drugs can be 
used to treat non-COVID conditions. We explored new perspectives and applications 
of homeopathic medications that can help with COVID and post-COVID symptoms 
in this chapter.

Keywords: homeopathy, COVID-19, AYUSH, case study, applications

1. Introduction

After first appearing in Wuhan, China, in late December 2019, the severe acute 
respiratory syndrome coronavirus 2 (SARS CoV-2) quickly spread throughout the 
world [1, 2]. The severity of COVID-19 symptoms can range from a self-limiting 
respiratory disease to severe progressive pneumonia, multiorgan failure, and death 
[3–7]. Despite extensive research and numerous ongoing clinical trials [8], there are 
currently no effective therapeutic medicines for treating or curing a coronavirus 
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infection. Pathological characteristics of SARS-CoV-2 of the family Coronaviridae, 
which have an RNA genome with a 5′ methylation cap and a 3′ polyadenylated tail, 
allowing the RNA to connect to ribosomes for translation [9, 10]. The replicase 
protein encoded by coronavirus genomes facilitates RNA viral genome transcrip-
tion into new RNA copies by leveraging the host cell’s machinery. The protease-like 
non-structural protein found in coronaviruses can rupture the protein chain [11, 12]. 
A surge in type 2 cytokines and a decline in T-cell and B-cell activity that intensifies 
with age [13] may indicate a poor prognosis for patients with COVID-19.

According to the World Health Organization (WHO), the combination drug 
Paxlovid (nirmatrelvir and ritonavir) is the best therapeutic choice for high-risk 
patients with mild to moderate COVID-19 who are at highest risk of hospital admis-
sion. Patients with mild COVID-19 who are at the most risk of developing severe 
disease and hospitalization, such as the unvaccinated, the elderly, and the immu-
nosuppressed, are highly encouraged to use Pfizer’s oral antiviral medication (a 
combination of nirmatrelvir and ritonavir tablets). New evidence from two random-
ized controlled trials involving 3078 participants supports this recommendation. 
According to the numbers, this treatment decreases the likelihood of hospitalization 
by 85%. This translates to 84% fewer hospitalizations per 1000 patients in the high-
risk group (those with a probability of hospitalization of 10% or above) [14].

The use of homeopathy is widespread in every WHO Region. Use of homeopathic 
medications, largely as over-the-counter medicines, is increasing in many regions of 
the world, despite differences in the national regulatory structure and the status of 
homeopathy within the health care system. While there is some uncertainty about 
the extent of the homeopathic medicines industry, sales figures indicate that homeo-
pathic medications constitute a large part of medical markets.

Homeopathic remedies, or the stocks or mother tinctures from which they are 
made, are derived from either naturally occurring or manufactured ingredients that 
are listed in pharmacopoeial monographs or other legally recognized sources. The 
following are examples of possible ingredients in homeopathic remedies (exclud-
ing imponderables): Animal materials include whole animals, animal organs, 
tissues, secretions, cell lines, poisons, nosodes, blood products; Plant materials 
including roots, stems, leaves, flowers, bark, pollen, lichen, moss, ferns, and algae; 
Microorganisms including fungi, bacteria, viruses, and plant parasites; Tissues, secre-
tions, cell lines, and endogenous chemicals like hormones are all examples of human 
materials; elements of nature and synthetic chemicals.

It is important that the source materials and excipients used to make homeopathic 
medicines are of good quality. Some homeopathic remedies contain ingredients 
whose usage is prohibited in conventional medicine due to safety concerns. To put it 
simply, nosodes are diluted versions of pathogenic organs or tissues; infectious agents 
like bacteria, fungus, eggs, parasites, virus particles, and yeast; illness products like 
excretions or secretions; or anything else that can cause an infection. There is always 
a chance that anything made with human or animal parts is contaminated with 
disease-causing organisms. Some homeopathic remedies have poisonous animal or 
plant ingredients, while others, especially when taken in their fresh form, can quickly 
degrade or get contaminated by microorganisms.

Heavy metals and insecticides may be present in plant materials. Plants 
can have widely varying levels of hazardous compounds. Guidelines for Good 
Manufacturing Practice (GMP) regarding the manufacturing process, facilities, 
staff, packaging, and labeling are applicable to both conventional and homeopathic 
drugs. Misidentification, impurity of starting material, cross-contamination, and 
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inadvertent contamination are just a few of the quality and safety issues that can 
arise from a lack of GMP. There are a number of specific consequences that require 
specially qualified and experienced workers due to the unique characteristics of 
homeopathic medicine production. These are the facilities that deal with homeopathic 
medications originating from animal or human origins, as well as poisonous materials 
and materials (especially fresh ones) that are susceptible to degradation processes 
and microbial contamination. Accidental or intentional contamination of source 
materials, excipients, or diluents, or the vessel or bottle used to make the dilution, 
might affect the characteristics of homeopathic medications. The final homeopathic 
medicines might vary significantly due to differences in definitions among pharma-
copeias as well as in the processing procedures and manufacturing methods used to 
manufacture them [15].

As with conventional pharmaceuticals, homeopathic remedies must comply with 
the provisions of the Federal Food, Drug, and Cosmetic Act pertaining to approval, 
adulteration, and misbranding. As of right now, the FDA has not authorized the sale 
of any homeopathic remedies.

The FDA’s enforcement policy on homeopathic medicines was laid down in 
Compliance Policy Guide (CPG) 400.400, “Conditions Under Which Homeopathic 
Drugs May Be Marketed,” published in 1988. Due to inconsistency with our risk-
based strategy to regulatory and enforcement action, FDA removed CPG 400.400 on 
October 24, 2019. Drug Products Labeled as Homeopathic: Revised Draft Guidance 
was also released by FDA for public feedback. The FDA has not given its stamp of 
approval to any homeopathic drug on the market, so it’s possible that these items do 
not measure up to today’s rigorous quality, safety, and efficacy criteria. To address 
the issue of unapproved homeopathic remedies in the market, this updated proposed 
advice suggests a risk-based enforcement strategy [16].

A survey of 293 general practitioners in the Netherlands found that 45% of them 
think that homeopathic remedies are effective for treating upper respiratory tract 
infections or hay fever. However, many medical practitioners reject homeopathy as 
a viable therapeutic option due to the highly improbable notion that drugs diluted to 
such an extreme degree still retain their biological effects. Furthermore, it is fre-
quently asserted that modern procedures, such as controlled studies, have not been 
used to assess the efficacy of homeopathy. Synthesis based on predetermined criteria 
showed methodological quality analysis of 107 randomized controlled trials published 
in 96 papers. The quality of the trials was evaluated using a predetermined set of cri-
teria, and the results were interpreted in context of the trials’ quality. There were 14 
trials examining the efficacy of classical homeopathy, and another 58 trials in which 
patients with similar conventional diagnoses were all given the same homeopathic 
treatment. In 26 trials, various homeopathic treatment combinations were examined, 
while in 9 trials, isopathic treatment was examined. There were many high-quality 
trials among what appeared to be mostly poor ones. There was a generally good pat-
tern of findings, and this held true regardless of the quality of the trials or the type of 
homeopathy that was employed. A total of 81 studies showing favorable results and 24 
trials showing no positive effects of homeopathy were found out of 105 trials having 
interpretable results [17].

For almost two centuries, people with all sorts of ailments have turned to home-
opathy for relief. Homeopathy has a long history of successfully treating epidemic 
diseases through prevention and treatment, and its efficacy has been demonstrated in 
clinical trials, meta-analyses, and systematic reviews [18–20]. While some people may 
see homeopathy favorably, it remains a highly contentious kind of complementary 
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and alternative medicine. Two different theories form its basis. First, the idea that a 
drug that creates the same symptoms in healthy people can also cure the disease it is 
meant to treat. Furthermore, “the law of minimum dose” states that the smaller the 
dosage, the greater the therapeutic impact [21, 22]. When it comes to homeopathy, 
it’s not like one drug cures one illness. Instead, it is a method in which treatments 
are tailored to specific patients based on overarching patterns and unique qualities 
revealed by an exhaustive analysis of all of the patient’s reported physical, mental, 
and emotional distress. Public health measures like as social isolation, hand washing, 
face covering, and quarantine are now the only preventative treatments available in 
conventional medicine [23]. The use of homeopathic methods for disease prevention 
is widespread across the globe. When it comes to homeopathic medicine, Arsenicum 
album is highly recommended by the Indian Ministry of AYUSH (Ayurveda, Yoga and 
Naturopathy, Unani, Siddha, and Homeopathy) [24]. With regards to treatment, the 
homeopathic community suggested gathering cases to evaluate and validate appro-
priate homeopathic treatment for the COVID-19 pandemic before more extensive, 
systematic investigations were done [25, 26]. Homeopathy [27] is being studied as a 
potential treatment for SARS-CoV-2 [28] in clinical trials. Several encouraging studies 
have shown that homeopathic medicines for COVID-19 symptoms have a high success 
rate. In this chapter, we will primarily focus on the evidence from clinical studies, 
novel perspectives, and applications of homeopathic treatments for COVID-19 
symptoms [29].

2. Clinical presentation and diagnostic procedure

As of now, we know that most people infected with COVID-19 will experience 
only mild to moderate symptoms after an incubation period of 1–14 days, and that 
most of these people will recover without any additional therapy at all. However, 
numerous asymptomatic infected people have been identified, and each of them could 
develop symptoms and spread the disease [30, 31]. Infection with the COVID-19 virus 
typically causes fever, dry cough, and throat pain/itching. Body aches, headaches, and 
shortness of breath are among possible symptoms, along with diarrhea, nausea, and 
a runny nose. Laboratory testing for COVID-19 is necessary for making a definitive 
diagnosis. This can be done by verifying the presence of the virus or by examining 
the specific antibodies developed in response to infection. Initial screening for the 
coronavirus is recommended by the majority of countries by using reverse transcrip-
tion polymerase chain reaction (RT-PCR). A positive result from this test indicates 
that an infection is either extremely recent or is still ongoing. Nasopharyngeal swabs 
and sputum samples are examples of respiratory samples that can be tested. In addi-
tion, the identification of particular antibodies (serology) is helpful for diagnosis and 
population surveillance, especially in the later stages of the infection [30, 32].

3. Homeopathic approach towards COVID-19 symptoms

Currently, hospital-based risk management and symptomatic treatment are the 
only options for COVID-19. Due to its symptom-focused approach, the homeopathic 
medical system can be an effective tool in the fight against this worldwide epidemic. 
In the event of an epidemic or pandemic, the first line of defense is to take precautions 
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by teaching the public how to protect themselves from infection and by providing 
interventions that will maintain their natural immunity. According to the Advisory 
from the Ministry of AYUSH, homeopaths are encouraged to inform the public about 
Genus epidemicus that has been identified by designated specialists as beneficial for 
improving immunity. Numerous homeopathic medications, including Arsenic Album, 
Pulsatilla, Silicia, Natrum Muriaticum, Phosphorus, Calcarea Carbonicum, Hepar 
Sulfur, Lachesis, Nux Vomica, Sulfur, and many others, are available for patients with 
COVID-19 infection [33, 34].

The second approach is to provide affected people with homeopathic symptomatic 
mitigation [35]. It has been shown that homeopathic medicines can be effective in 
treating infectious disorders such as the Influenza-like illness, dengue, and acute 
encephalitis syndrome. The ability of homeopathic medications to modulate the 
immune system has also been demonstrated in several published preclinical investiga-
tions. Depending on the severity of the individual situation, these medications may 
be provided together or separately [36, 37].

4. Efficiency of homeopathy in epidemic

Even before the widespread use of modern sanitation, vaccination, and antibiot-
ics, the homeopathic medical system has developed protocols for the management 
of infectious outbreaks. Hahnemann utilized Belladonna to stop an epidemic of 
scarlet fever in Europe in the year 1799 AD, and he reported his findings in a treatise 
[33, 38]. Aconite, another homeopathic medication, was shown to be effective against 
the Scarlet fever epidemic that ravaged Germany between the years 1800 AD and 
1808 AD. Bryonia alba, Hyoscyamus niger, or Rhus Toxicodendron (singly or regularly) 
were all effective treatments for the typhoid outbreak that hit Europe in 1813 AD [39]. 
In 1831 AD., he wrote about the use of camphor, cuprum metallicum, and veratrum 
album as Genus Epidemicus for preventing and treating pandemics from Asia in the 
Germanic territory. Camphor was one of his recommended preventative medicines for 
the infection, while Cuprum metallicum or Veratrum album were recommended for 
later stages of infection [40]. Success in treating epidemics with homeopathic medica-
tions including typhoid, cholera, yellow fever, scarlet fever, smallpox, diphtheria, 
Spanish flu, meningitis, and polio made homeopathy popular in the United States 
and Europe in the nineteenth century [38, 41]. Full case analysis is performed before 
a patient is prescribed medicine in homeopathy. Patients impacted by an epidemic 
typically have similar symptoms. If the same drug is prescribed to multiple patients 
after the analysis, the drug may be labeled as the “Genus Epidemicus” drug for that 
geographical area. Within a few days of a pandemic outbreak, this should be decided. 
Hahnemann discovered interesting differences between epidemic strains of illness. 
Hahnemann highlighted in his article “Observations on the Scarlet Fever” [42] that 
there is no assurance that medications taken in earlier epidemics will be effective 
in the next outbreak. In the sixth edition of his book, “the Organon of Medicine,” 
Dr. Hahnemann made specific reference to the choice of “homoeopathic (specific) 
medicine” in Aphorisms 102 (footnotes), 147, and 241. Using this strategy, Cuba 
eradicated Kerato conjunctivitis in 1995, and India eradicated Chikungunya in Kerala 
in 2007 [38]. Other Cuban researchers showed that homeoprophylaxis was helpful 
in preventing leptospirosis when it was provoked by extensive hurricane damage in 
2007 and 2008 [43]. There are several typical cold-like symptoms described by those 
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infected with COVID-19. As a result, homeopathic doctors have decided to treat 
patients with COVID-19 with the same medication and dosage that is recommended 
for patients suffering from the common cold. Some few over-the-counter medications 
that have been effective in treating individuals with the common cold and COVID-19 
are discussed below.

4.1 Aspidosperma

Alleviate asthma symptoms for many individuals; by doing so, it raises blood oxygen 
levels and stimulates the respiratory centers; the symptom of “wanting to breathe” dur-
ing exercising is the primary indicator; the condition is called cardiac asthma; pulmo-
nary stenosis, infarction of the pulmonary artery due to thrombosis [29].

4.2 Arsenic album

An extremely effective treatment for all of the body’s organs and tissues; 
deadliness and septic diseases; distress and unrest on a grand scale; extremely 
thirsty; consumes large volumes of liquid in frequent, little doses; acid reflux is 
characterized by the reflexive ingestion of acidic or bitter substances that appear 
to irritate the lining of the throat; swollen and painful liver and spleen; shoot-
ing discomfort in the right upper lobe of the lung; cannot sleep because you are 
afraid of suffocating; limitations on breathing space midnight is when asthma 
attacks peak; aching in the middle of my chest; intense heat; adynamia is a sign of 
periodicity; infected fevers intermittent; incomplete paroxysms accompanied by 
extreme fatigue [25, 44, 45].

4.3 Pulsatilla

Even though it’s cold outside, the patient prefers to be in the fresh air; dry 
mouthed, grumpy, and shivering; exudates that are viscous, tasteless, and pale 
greenish; chronically shifting symptoms; prone to frequent tears; enjoys being 
shown compassion; having coryza means that your right nostril is blocked and you 
are experiencing pain at the base of your nose; smell impairment; lack of saliva and 
thirst; desire for regular mouth washings; a habitual licker of dry lips; dislikes warm 
or fatty foods and beverages; morning loose cough followed by dry nighttime cough 
that requires sitting up in bed to alleviate; venous distention and unbearable heat 
make going outside a miserable experience; a headache, diarrhea, loss of appetite, and 
nausea are all symptoms that occur during apyrexia [25, 46].

4.4 Silicea

Suppurative processes; adverse reactions to vaccinations. mindful and physical 
submission; a high susceptibility to getting sick from the cold; children that are stub-
born and willful; dizziness from staring upwards; best to bundle up itchy, watery eyes 
in the morning; having trouble smelling and eventually losing that ability; hair-on-
the-tongue feeling; stabbing like a pin in the tonsil; feeling of a cold settling into the 
throat; eruption of the parotid glands; a sharp discomfort when swallowing; coughing 
fits when lying down; expectoration is thick and yellow and lumpy; feelings of chill 
in the limbs even when indoors; nighttime sweating that gets worse in the morning; 
areas of the body that are suffering are ice cold [47].
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4.5 Natrum muriaticum

Sensation of tightness all over the body; dryness of the mucous membranes; nega-
tive reactions to negative emotions such as grief, fear, wrath, etc.; extreme fatigue 
and weakness excruciating pain; tears roll down your face when you cough, and 
waking up in the morning feels like a thousand tiny hammers are hammering on your 
forehead. Watery, thin discharge, like the white of a raw egg; never fails to prevent the 
onset of a cold; the inability to smell or taste; mapping the tongue; relax from 9 am 
until 11 am; temperature; fever causes an increase in thirst; fever-blisters; feelings of 
chilliness all over the body that do not seem to go away [48, 49].

4.6 Phosphorus

In addition to irritating and inflaming mucous membranes and serous mem-
branes, phosphorus can also induce their degeneration. Rapid onset of symptoms, 
including fainting, sweating, and falling to the ground suicide anxiety when alone; 
skin that looks painfully pale, with blue circles beneath the eyes; the hippocratic 
oath; need ice cold water badly; esophageal narrowing; produces copious amounts of 
vomit after eating; getting sick; throwing up water once it warms up in the stomach. 
Tickling in the throat causes coughing; exposure to cold air, reading, laughing, or 
talking makes it worse. Feeling of heaviness or pressure in the chest. Painful, stabbing 
sensation in the chest; rapid, stifled breathing it feel like there is a fire going in the 
chest; suffocating pneumonitis; laying on one’s left side is far worse; body-wide trem-
bling and coughing; in the evenings, the Sputa is rusty and cold. Aching knees after a 
long day; unmoving due to lack of thirst but with an abnormal appetite [50, 51].

4.7 Calcarea carbonicum

It treats the twitching cough, the brief chest pains, the nausea, the stomach acid, 
and the aversion to fat; lacks stamina and fatigues quickly; relapses are common, 
and recovery time is disrupted; extreme sensitivity to the cold; occasional sweating 
children have a penchant for eggs, but they also consume dirt and other indigestible 
substances. Patients with calcarea are typically large, pale, flabby, and sweaty, as well 
as chilly, moist, and sour. Hoarseness that is not painful, but is worse in the morning, 
and a tickling cough that’s most bothersome at night. Only daytime expectoration is 
permitted; viscous mucus that is yellow in color and has a sour taste; extreme sensi-
tivity to percussion and touch in the chest; seeking to get some air; at 2:00 p.m., a chill 
spreads across the stomach region; flu-like symptoms, including sweating; strong and 
regular heartbeats [52, 53].

4.8 Hepar sulfur

Those with a scrofulous or lymphatic constitution, who are more prone to break-
outs and swelling of the glands, will benefit the most from this; experiencing a gust 
of wind in an area; even a minor provocation can set him off; corner-of-the-mouth 
ulcers; you feel like there’s a splinter or a blockage in your throat whenever you try 
to swallow; quinsy, with suppuration in the horizon; suffering from swallowing-
inducing stitches that go all the way to the ear; trapping mucus; coughing fits brought 
on by exposure to cold, especially while eating anything cold; loose, rattling cough 
from croup; symptoms are greater in the morning; coughing so hard that you cannot 



COVID-19 Drug Development - Recent Advances, New Perspectives and Applications

74

breathe; cold when exposed to air or even a gentle breeze; excessive nighttime dry 
heat; heavy perspiration; a putrid, disagreeable stench [50, 54].

4.9 Lachesis

Feeling of strain in various areas; cannot take a tight grip on anything; prodigious 
fluency in speech; patches of aphthous dermatitis and bareness, with pain and 
redness; bad flavor; worse on the left side, and it hurts to drink liquids; experiencing 
quinsy; discomfort made worse by hot beverages; extremely distressing; the smallest 
pressure, the slightest contact, is excruciating. It’s important that the collar and neck-
band be quite slack; frequent dry, suffocating, and irritating coughing; having low 
secretion and a high degree of sensitivity; laryngeal irritation made worse by open 
air and the lack of a pillow; shivering shoulders, freezing toes, a blazing flush, and a 
burning sweat; acids cause a recurrence of paroxysm; recurring springtime fever with 
intermittent symptoms [53, 55].

4.10 Nux vomica

Nux patients tend to be slender, frail, fast, lively, tense, and irritable; irritated 
by any external stimulus; avoids physical contact; having a headache outside in the 
bright sun; symptoms of a cold or the flu made worse by being indoors in a warm 
environment. Exudation that is acrid but accompanied by a sense of congestion; a 
sensation of being scratched and rubbed raw; having a good morning tickle; a feeling 
of tightness, stress, or roughness; bloated feeling in the upper abdomen (epigastrium) 
and the pressure of a stone some hours after eating; full stomach and asthma, espe-
cially in the morning or after eating; coughing, with the feeling that something has 
been pulled loose in the chest; poor lung capacity; limited capacity for respiration; a 
high degree of strictness, as evidenced by blue fingernails; abdominal pain and gener-
alized aches and pains; fever stages are cold; always wear layers. Feelings of chilliness 
when exposed, despite his refusal to wear clothing; internal dry heat [25, 56].

4.11 Sulfur

Extreme heat, aversion to water, dry skin and hair, reddened genitalia, nausea 
and vomiting around 11 a.m., and catnaps; for sulfur patients, standing is the worst 
possible position; sulfur subjects almost invariably exhibit irritability, depression, 
emaciation, and weakness while having a healthy appetite. Itchy, red, and scaly skin 
that bleeds easily; chronic dry catarrh adenoids and polyps; feelings of tightness and 
heat in the chest; respiratory distress; prefers an open window middle-of-the-night 
dyspnea that is alleviated by sitting up; morning heart rate is higher than nighttime 
heart rate; greenish, purulent, pleasant expectoration; coughing worse when con-
versing or in the morning; bursts of intense heat; rapid and severe rises in core body 
temperature; excruciating parchingness and thirst; night perspiration (especially 
around the nape and occiput); localized perspiration (especially on the hands and 
feet); smelly perspiration; spontaneous, intermittent, and relapsing [50, 52].

4.12 Bryonia

Dryness of the mucous membranes; when the bryonia patient raises their head, 
they have dizziness and a pressive headache, and they are agitated. Chapped, cracked 
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lips and tongue; an abnormally high need to urinate, a distaste for most foods, a 
hypersensitive epigastric region, and an uncomfortable sensation of having a stone 
lodged in one’s stool that is dry and firm; a dry cough; Bryonia has a propensity for 
leanness and irritability, and it has the most noticeable effects on people whose 
constitutions already include sturdy, firm fiber and dark skin. It acts most visibly on 
the right side, in the evening, and in the open air, especially after a cold spell; hacking 
cough that makes you feel like your chest is going to explode; rapid, laboured breath-
ing made worse by physical exertion; this condition is the result of chest sutures. 
Shiver with a dry cough and sutures; radiant warmth from within; sour perspiration 
after even mild exercise; an abundance of sweating that is simple to induce; gastric 
and liver problems are markers of rheumatic and typhoid fever [52, 57].

4.13 Vanadium metallicum

Utilized in cases of anemia and other forms of wasting illness due to its oxygen-
carrying and catalytic properties; in addition to increasing hemoglobin levels, this 
process combines oxygen from the blood with the toxines, neutralizing them; anxiety 
that spreads throughout the chest; dry, irritating, and paroxysmal cough, which may 
be accompanied by bleeding; nasal, ocular, and pharyngeal irritation [58].

5. Case study

Randomized clinical studies, which are designed to examine how one medica-
tion cures one condition with one primary outcome, are unsuitable for investigat-
ing homeopathic remedies because of their subjectivity and individuality [59]. All 
COVID-19 patients with RT-PCR confirmation, received home isolation and care at 
COVID Care Centers. Patients with minimal to moderate illness were all taken into 
account. In the mildest cases, patients had simple upper respiratory tract infections 
and showed no signs of respiratory discomfort or oxygen deprivation (normal oxygen 
saturation). Patients with a respiratory rate more than or equal to 24 breaths per 
minute and an oxygen saturation (SpO2) of less than 94% (range: 90–94%) on room 
air were identified as having moderate pneumonia [28, 60]. Patients with multiple 
medical conditions were also included.

Patients were checked on once a day for up to a week or until their symptoms sub-
sided completely. Patients who were quarantined at home were called daily to monitor 
on their condition. As with any frequent follow-up of a homeopathic case, the patient 
was questioned about the severity of their symptoms and their general health at 
each visit. At each follow-up, patients were rated on a scale from −4 to +4 called the 
Outcome in Relation to Impact on Daily Living (ORIDL) [61].

Establishing causality between medication and improved health is a major obstacle 
in prognostic factor research, as the cure could be the result of the homeopathic medi-
cine, or it could be the result of other factors, including a spontaneous and natural 
recovery, or the placebo effect. The following criteria were used to choose cases of the 
highest quality:

• All cases where improvement in both the primary clinical symptom and overall 
health was recorded within 7 days of commencing homeopathic treatment 
(ORIDL +3 or + 4) were included, as this is taken to be an indication of the 
efficacy of the homeopathic remedy.
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• Improvements were already noticeable just a few hours after starting homeopathic 
medication. The treatment period was considered to be twenty-four hours.

• Persistent improvement following multiple administrations of the treatment of 
choice.

Once all of the relevant information had been entered into the spreadsheet, each 
of the aforementioned cases was analyzed in greater depth utilizing specific areas of 
the Modified Naranjo Criteria for determining causal attribution of clinical outcomes 
[62]. Only the following four of ten possible domains were taken into account.

• Domain 1: Did the primary ailment for which the homeopathic remedy was 
prescribed improve?

• Domain 2: How quickly did the patient’s condition improve after starting treatment?

• Domain 5: Did people feel better overall?

• Domain 10: To what extent does repeated dosage improve clinical outcomes?

In 258 cases, only one homeopathic remedy was provided, whereas in the remain-
ing 69 cases, two or more homeopathic remedies were prescribed in sequence. 
When RT-PCR testing was performed 2–3 weeks after homeopathic treatment, all 
35 instances tested negative. Due to the revised guidelines, testing was not possible 
in other cases where the patient was discharged after 10 days of symptom onset and 
no fever for 3 days (in mild cases) or after 10 days of symptom onset and no fever 

Figure 1. 
COVID-19 pre-medication and post medication reports of patient I.
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without antipyretics, resolution of breathlessness, and no oxygen requirement (in 
moderate cases) [63].

Totaling 211 patients, all of whom showed significant symptom improvement 
on the COVID-19 scale, were included in the analysis. Insufficient follow-up (22 
instances), absence of symptoms (7 cases), and inability to prove causality (42 cases) 
were among the reasons a total of 116 cases had to be left out of the analysis.

Figure 2. 
COVID-19 pre-medication and post medication reports of patient II.

Figure 3. 
COVID-19 pre-medication and post medication reports of patient III.
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Fatigue, sore throat, dry cough, myalgia, fever, dry mouth and throat, increased 
thirst, headache, diminished appetite, anxiety, and altered taste were the most often 
reported side effects. With reference to the above said number of cases, few of them 
were discussed. The pre COVID and post COVID RT-PCR reports were taken from the 
patient as shown in Figures 1–3. The post COVID reports of three patients (Patient I, 
II & III) clearly indicates the therapeutic effect of homeopathic remedies which was 
prescribed by the physician.

These three patients wanted homeopathic treatment in addition to conventional 
medicine for Integrative Complementary Medicine, and one of them was hospitalized 
due to moderate to severe COVID-19-related symptoms. Patients I, II, and III were all 
adults with proven COVID-19 infection upon admission. According to Table 1 and 
Figures 4–6, they have received their homeopathic drugs from a licensed pharmacy 
or registered practitioner in the form of a potency and mother tincture (liquid).

Day Current condition Homeopathic remedies

Patient I

1 Heaviness in the right leg; stitching pain on the left of the 
chest; restlessness; anxiety; weakness and feeling thirsty

Arsenicum Album for every 2 hours

2 No fever; no pain around heart Arsenicum Album for every 2 hours

3 No fever, required less supplementary oxygen: walk easly Arsenicum Album for every 2 hours

4 Headache, stable respiratory condition Arsenicum Album for every 2 hours

5 Frontal sinus headache; viscid coryza and tightly 
adhering scabs in nose

Arsenicum Album for every 2 hours; 
Kali Bichromicum for every 4 hours

6 Less headache; feeling better —

7–14 Hospitalized; Under observation without homeopathic treatments

14 Patient discharged

Patient II

1 Pneumonia; severe thirst for large quantities of cold 
water; nausea; weakness during fever; drowsiness – 
constant desire to close eyes; chest pain; alternating chills 
and sweats; perspiration down back and numbness in 
legs

Phosphorus for every 2 hours

2 Gastrointestinal (GI) symptoms improved; dyspnea; 
drink greater quantities without feeling nauseous; 
respiratory symptoms improved; reduced chest pain; 
hollowness in the chest; weakness during fever

Arsenicum Album for every 2 hours;
Phosphoric Acid for every 2 hours

3 Anxiety and restlessness; cold drinks aggravate; warm 
ameliorate

Phosphoric Acid for every 2 hours; 
Stannum for every 2 hours 
(alternative)

4 Homeopathic treatment protocol continued unchanged

5 Respiratory symptoms concomitant with abdominal 
complaints;

Phosphoric Acid for every 2 hours; 
Bryonia Alba (Single dose)

6 Patient discharged
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Figure 4. 
Prescription of patient-I received from a registered practitioner or physician.

Day Current condition Homeopathic remedies

Patient III

1 Polydipsia; diarrhea; oxygen saturation falling to 87% Phosphorus for every 2 hours

2 Diarrhea stopped; fever normalized; no respiratory 
improvement

Phosphorus for every 2 hours

3 Dyspnea and cough; aggravated by speaking; deep 
inhalation or prone position; dizzy headache between 
eyebrows; inability to keep eyes open; chill without 
shivering’ white and paralyzed tongue

Lobelia Purpurascens for every 
2 hours

4 Two-hourly Lobelia purpurascens was continued

5 Two-hourly Lobelia purpurascens was continued

6 Sensation of inhaling smoke and dryness, bifurcation of 
bronchial tubes which causes coughing

Ozone for every 2 hours

7–9 Ozone 3 times a day

10 Patient discharged

Table 1. 
Day wise treatment of patients showed improvement in their health after administration of homeopathic 
remedies.
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Figure 6. 
Prescription of patient-III received from a registered practitioner or physician.

Figure 5. 
Prescription of patient-II received from a registered practitioner or physician.
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6. Conclusions

The symptoms of COVID-19 patients were said to have improved due to homeo-
pathic treatments. Findings from case studies can help with homeopathic prescribing 
in future controlled research on COVID-19. Most of the symptoms of this pandemic 
can be helped by homeopathic treatment, which adds to the medications domain 
of action. In addition, it has been demonstrated that homeopathic medicines can 
alleviate symptoms across the spectrum of the diseases manifestations. Supportive 
evidence suggests that homeopathic treatments could be used alongside conventional 
preventative and curative methods during the current COVID-19 outbreak.
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Abstract

In late 2019, pneumonia cases from unknown origin were detected in Wuhan, China. 
The cause was a new coronavirus. The World Health Organization (WHO) named the 
virus SARS-CoV-2 and COVID-19 the associated disease. In the first months of 2020, 
this disease became a pandemic with a high lethality reported. Since then, the search for 
treatments began. We started by searching among treatments previously approved for 
human use that were not designed for COVID-19 and were considered to treat this con-
dition. We continued searching on the therapeutics guidelines published by the WHO 
for the management of infection by SARS-CoV-2. Based on these results, we searched 
for the literature in PubMed to obtain further evidence on the drugs against SARS-
CoV-2. The treatments presented in this chapter are Ivermectin, Hydroxychloroquine, 
Nitazoxanide, Azithromycin, Molnupiravir, Casirivimab-Imdevimab, Ritonavir-
Nirmatrelvir, Ritonavir-Lopinavir, Remdesivir, and Favipiravir. Two years ahead of the 
start of the COVID-19 pandemic, a plenty of options for treatment have been investi-
gated. Only a few of them have been shown to be efficient and safe. According to the 
WHO, Ritonavir-Nirmatrelvir outperforms other proposed therapeutics.

Keywords: COVID-19, SARS-CoV-2, therapeutics, molnuparivir, nirmatrelvir

1. Introduction

In late 2019, cases of pneumonia from unknown origin were detected in Wuhan, 
China. It was concluded that the cause was a new coronavirus [1, 2]. The World 
Health Organization (WHO) named the virus SARS-CoV-2 and COVID-19 the associ-
ated disease [1, 2]. In the first months of 2020, this disease became a pandemic with a 
reported high lethality. Since then, the search for treatments has begun.

SARS-CoV-2 is a coronavirus of the beta family and is related to the previously 
known SARS-CoV [3]. It is transmissible from human to human. The primary transmis-
sion is via respiratory droplets. Even so, transmission by other fluids has been reported. 
The protein that mediates the entry to the host cells is the so-called spike protein. It 
uses the angiotensin-converting enzyme 2 (ACE2) as a cellular receptor. It primarily 
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affects the lungs and the respiratory system with flu-like symptoms presentation [3]. 
Nevertheless, it also causes a wide spectrum of conditions from diarrhea to loss of smell 
and taste. The chief complication due to COVID-19 that can lead to death is pneumonia.

Once the SARS-CoV-2 enters the host cell, the viral RNA is attached to the host 
ribosome, translating into two large coterminal polyproteins. These proteins are then 
digested into components by proteolysis for packaging new virions. The papain-
like protease (PLpro) and the coronavirus main protease (Mpro) are two proteases 
involved in this process. SARS-CoV-2 employs RNA-dependent RNA polymerase 
(RdRp) to replicate the genome of RNA. The four proteins: spike, Mpro, PLpro, 
and RdRp, are essential to virus assembly and pathogenesis. Mpro and RdRp are the 
targets for drugs against SARS-CoV-2 [4].

This pandemic has disrupted the global society. Besides global health, it has 
affected the economy and way of living since most of the interventions to stop the 
dissemination were non-pharmaceutical. Governments around the world exhorted 
people to stay at home and social distancing [5].

As a result of the global concern posed by this disease, some experiential recom-
mendations emerged for its treatment. Social networks played a crucial role in the 
diffusion of these recommendations [6]. A couple of cases are hydroxychloroquine 
and ivermectin [7]. Much of the supposed evidence was absent or anecdotic. It gener-
ated false expectations and misinformation.

There were no previously approved therapeutics for COVID-19 since it was an 
emerging disease. Later in the pandemic, the WHO authorize the emergency use of 
some antivirals [8, 9]. The recommendations by other institutions of treatments for 
use outside of clinical trials were scarce. Such is the case for ivermectin [10].

This chapter aims to review the literature on therapeutics approved by the WHO 
for emergency use. It will also cover some of the treatments recommended and 
considered based on empirical results.

2. Material and methods

2.1 Search criteria

It was searched on the therapeutics guidelines published by the WHO [11] and the 
USA Federal Drug Administration (FDA) [12] for the management of infection by 
SARS-CoV-2. Based on these results, we searched for more literature in PubMed to 
obtain evidence from the drugs against SARS-CoV-2.

Besides searching for articles in Pubmed, we used the Google Scholar database 
to search about treatments against SARS-CoV-2 infection, including the words: 
Treatment, SARS-CoV-2, COVID-19, Therapeutics, WHO approved COVID-19 
drugs, and FDA approved COVID-19 drugs.

The chief inclusion criteria were articles on treatments approved by WHO [11] 
and FDA [12]. The search also included treatments previously approved for human 
use but not for COVID-19 and, even so, were used.

3. Treatments suggested empirically

There are reports on drugs used empirically for the treatment of COVID-19, and 
the WHO has made statements on these treatments.
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Table 1 shows the drugs of empirical use without approval by the WHO and FDA, 
for their use against COVID-19 in humans, except in clinical trial settings.

3.1 Ivermectin

Ivermectin is a mixture of 22, 23-dihydroavermectin B1a, and 22, 23-dihydroaver-
mectin B1b. It is macrocyclic lactose with a wide antiparasitic spectrum [10]. Its 
chemical structure [13], is shown in Figure 1.

It is considered that its action mechanism is by inhibiting the nuclear transport 
mediated by the heterodimer importin α/β1-responsible for the viral protein’s translo-
cation (HIV-1, SV40)-, necessary for its replication [14–16]. It has been reported that 
ivermectin inhibits the SARS-CoV-2 in vitro without stating clearly how it happens 
[16]. Since then, it was considered a potential treatment.

Even as studies suggest a reduction in mortality, most have methodological 
deficiencies [17–19]. Hence, further and rigorous evidence on the use of ivermectin 
against COVID-19 is necessary. Currently, the use of ivermectin is just recommended 
in clinical trial settings. Also, the Food and Drug Administration does not recom-
mend the ivermectin use against COVID-19 due to the lack of evidence [20]. The same 
conclusion is supported by the Sanitary Technologies Assess Department from the 
Clinical and Sanitary Efficacy Institute [21].

Drug Indication

Ivermectin Antiparasitic

Hydroxychloroquine Antimalarial

Nitazoxanide Antiparasitic

Azithromycin Antibiotic

Table 1. 
Some drugs used empirically without approval for emergency use.

Figure 1. 
Chemical structure of ivermectin. Source. Modified from: PubChem. National Library of Medicine [13].
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The Pan American Health Organization states that there is no certainty about the 
risks and benefits from the use of ivermectin [22].

3.2 Hydroxychloroquine

Hydroxychloroquine is a 4-aminoquinoline drug aimed to treat malaria and 
rheumatologic conditions [22]. In Figure 2, its chemical structure is shown.

Due to the inhibition of SARS-CoV-2 in vitro, it was considered a potential treat-
ment for COVID-19 [24]. Hydroxychloroquine received much public attention even 
at high political levels. It caused such a phenomenon that most random trials studying 
it were unable to finish properly, and those that were completed did not show any 
benefit [25].

Currently, the WHO makes a strong recommendation against its use in its latest 
therapeutics guidelines [11, 26].

3.3 Nitazoxanide

Nitazoxanide and its metabolite Tizoxanide could inhibit the in vitro growth of the 
canine coronavirus S-378 [26]. Wang M et al. [25] have reported that Nitazoxanide 
could also inhibit the SARS-CoV-2 growth (Figure 3).

Early studies suggested a beneficial effect of Nitazoxanide by reducing the disease 
severity of COVID-19 [28, 29]. Rocco et al [30], reported that Nitazoxanide did not 
show a difference in preventing admission to the intensive care unit for COVID-19 
patients with pneumonia. In this study, it was showed a difference in secondary 
outcomes such as hospital discharge.

Figure 3. 
Chemical structure of Nitazoxanide. Source: Modified from PubChem. National Library of Medicine [27].

Figure 2. 
Chemical structure of hydroxychloroquine. Source: Modified from PubChem. National Library of Medicine [23].
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There are few studies analyzing Nitazoxanide. So far, there is no evidence of a sig-
nificant benefit for the COVID-19 treatment. The evidence on the use of nitazoxanide 
is scarce. The WHO does not include this drug in its living guideline for therapeutics 
and COVID-19 [11].

3.4 Azithromycin

Azithromycin is an antibiotic mainly prescribed for bacterial diseases and belongs 
to the family of macrolide [31]. This drug has been considered for COVID-19 treat-
ment due to in vitro results. Its chemical structure is shown in Figure 4.

Oldenburg et al. [31], reported the results of a clinical trial involving azithromycin 
as a candidate. The primary outcome was the resolution of symptoms. It was not found 
a statistically significant effect between the experimental and the control group. From 
23 secondary outcomes, only 5 showed statistically significant differences [33].

Azithromycin was chiefly used with other drugs. As it was used in combination 
with hydroxychloroquine, its effect and possible harms could not be clearly distin-
guished [34]. Nevertheless, so far, it is not recommended for COVID-19 treatment. 
The WHO only includes this drug tangentially in its therapeutics and COVID-19 
living guideline while mentioning its use accompanied by hydroxychloroquine [11].

4. Treatments against COVID-19 considered for emergency use

In the following sections, we review some of the therapeutics and their recom-
mendation status by the WHO [11] and FDA [12]. Table 2 shows the drugs and 
treatments against COVID-19 treated in this section.

Figure 4. 
Chemical structure of azithromycin. Source: Modified from PubChem. National Library of Medicine [32].
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4.1 Molnupiravir

Molnupiravir is a drug originally designed to treat viruses such as influenza. In 
recent months, it has been proposed for use against COVID-19 [35]. The chemical 
structure is shown in Figure 5.

In the study by Jayk Bernal et al. [37], the molnupiravir group had better 
outcomes than the placebo one. The chief outcome was hospitalization or death. 

Figure 5. 
Chemical structure of Molnupiravir. Source: Modified from PubChem. National Library of Medicine [36].

Drug Indication Dose Observations

Molnupiravir For patients with 
mild COVID-19 with 
hospitalization risk.

800 mg (four pills) twice a 
day for 5 days

Do not administer in 
children or pregnant 
women. There are no 
data about its safety.

Casirivimab-
Imdevimab

Do not recommend for 
variants.

Intravenous. Ranging from 
1200–2400 mg the total 
dose

The hospitalization risk 
decreases by 85%.

Ritonavir-
Nirmatrelvir

Recommended as early as 
possible within the first 5 days 
since the onset of symptoms.

300 mg (two 150 mg 
tablets) of nirmatrelvir and 
100 mg of ritonavir every 
12 hours daily for 5 days

Remdesivir Recommended as early as 
possible within the first 7 days 
since the onset of symptoms.

Intravenous administration 
for 3 consecutive days with 
the following scheme:
Day one: 200 mg
Day two and three: 100 mg

Conditional 
recommendation 
since the existence 
of potentially most 
beneficial treatments.

Favipiravir Not standardized yet In animal models, it has 
potentiated the effect of 
molnupiravir.

Table 2. 
Drugs for the emergency use against COVID-19.
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Even as the sex was imbalanced, further analysis showed that the effect remained. 
There were no statistically significant differences regarding adverse events among 
the groups.

Singh et al. [35] conclude that the current evidence suggests that molnupiravir is 
effective for the prevention of hospitalization and deaths in mild COVID-19 patients. 
Nevertheless, further evidence is needed for the case of moderate and severe COVID-
19 patients. Even far, Extance [38], mentions that the existence of only one pivotal 
study indicates that the evidence is very limited.

The WHO recommends the use of this drug conditionally due to the absence of 
data about long-term harms that may cause its use [11].

4.2 Casirivimab-Imdevimab

Casirivimab and imdevimab are monoclonal antibodies that target sites in the 
receptor binding domain of the SARS-CoV-2 spike glycoprotein [39]. The administra-
tion via has been one of the chief difficulties for their extensive use—its administra-
tion is intravenous.

The RECOVERY Collaboration Group included this treatment in their analysis 
[39]. They noted that casirivimab-imdevimab reduced the mortality significa-
tively among seronegative patients (those without previously mounted humoral 
response).

The WHO recommends it conditionally. The reasons are that other drugs have 
proven to be more effective and safer. Also, these drugs are easiest to administer [11].

4.3 Ritonavir-Nirmatrelvir

Nirmatrelvir is a drug designed to treat covid-19 by targeting its main protease 
[40]. It has been administered with ritonavir. Figure 6 shows the chemical structure 
of nirmatrelvir and ritonavir.

Hammond et al. [40] report that the incidence of hospitalization or death was 
lower by approximately 6% points in the treatment group than in the control group—
observed in the interim and final analysis. The difference among adverse events was 
not statistically significant.

Its first approval for conditional use was issued in the United Kingdom on 
December 31, 2021. Since then, other countries have approved this drug in different 
modalities, such as for emergency use [43].

It is one of the few drugs strongly recommended by the WHO [11].

4.4 Ritonavir–Lopinavir

It is a combination of drugs that aim to inhibit the protease of SARS-CoV-2 and 
its use was motivated by previous experiences against SARS [44]. Figure 7 shows the 
chemical structure of lopinavir.

Cao et al. [44] did not find any statistically significant difference between the 
control and experimental group in their trial. The primary outcome they took was 
the decrease of two points on a severe scale or discharge. They recommend further 
studies to prove or discard benefits from ritonavir–lopinavir.

The WHO makes a recommendation against the use of this combination [11].



COVID-19 Drug Development - Recent Advances, New Perspectives and Applications

96

4.5 Remdesivir

Remdesivir is another drug that inhibits SARS-CoV-2 and was considered for 
its use due to previous research on its effect on SARS and MERS [46]. The chemical 
structure is shown in Figure 8.

According to Beigel et al. [46], remdesivir outperformed placebo in their clinical trial, 
which consisted of 1062 patients. They took discharge or hospitalization for monitoring 
as primary outcome. The patients in the remdesivir group reached the primary outcome 
approximately 5 days before the patients in the placebo group. In their trial, they admin-
istered remdesivir intravenously for three consecutive days with the following regime:

1. Day one: 200 mg

2. Day two and three: 100 mg (each day)

Wang Y et al. [48] did not find a statistically significant benefit from the 
use of remdesivir. Nevertheless, the samples consisted of 237 participants, and 

Figure 6. 
Chemical structure of: (A) nirmatrelvir; and (B) ritornavir. Source: modified from PubChem. National Library 
of Medicine [41, 42].

Figure 7. 
Chemical structure of Lopinavir. Source: Modified from Pubchem. National Library of Medicine [45].
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a numerical difference among the groups was observed—supporting the use 
of remdesivir.

Spinner et al. [49], conducted a clinical trial comparing 5- and10-day treatment ver-
sus standard care for patients with moderate COVID-19. The differences in the primary 
outcome (degree on a seven-point scale) were statistically significant between the 5-day 
group and the standard care group. It was not observed for the differences between the 
10-day group and the standard care group. Even though some results were statistically 
significant different, the authors are uncertain of the clinical importance.

The WHO conditionally recommends remdesivir. They suggest using it in the first 
7 days after the onset of symptoms [11].

4.6 Favipiravir

Favipiravir is a drug with an active agent that halts viral replication of SARS-CoV-2 
[50, 51]; its chemical structure is shown in Figure 9.

Manabe et al. [51] conducted a systematic review and meta-analysis on the use of 
favipiravir against SARS-CoV-2. They found evidence supporting the use of favipi-
ravir to clear the virus. It was observed in various studies a viral clearance around 
the seventh day after the start of treatment. However, they suggest further analysis 
and controlled clinical trials since the evidence was heterogeneous and not straight-
forwardly comparable. Also, they conclude it is necessary for further research on the 
dose regime to have definitive conclusions.

The WHO only mentions favipiravir tangentially as a drug that might improve the 
outcomes by combining it with molnupiravir, observed in animal models [11].

5. On the current challenges on COVID-19 treatments

After the approval and research on treatments, there are two chief questions to 
address. The first question is how to distribute the drugs with equity. The other point 
is how they perform in the face of new SARS-CoV-2 variants.

Regarding the distribution of the treatments, the ones administered orally present 
clear advantages over the ones administered intravenously. Nevertheless, as pointed 
out by Bajaj and Stanford [53], there are important challenges to address. So far, the 
inequities detected are the manufacturing and pricing obstacles, and some countries 
buying most of the current stock [53].

Figure 8. 
Chemical structure of remdesivir. Source: Modified from Pubchem. National Library of Medicine [47].
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In the face of new SARS-CoV-2, some studies have addressed the question on 
which therapeutics remain effective for COVID-19. According to the review made 
by Fernandes et al. [54], the currently approved antivirals, such as molnupiravir, 
ritonavir-nirmatrelvir, and remdesivir remain as effective for variants of concern as 
for the early versions of SARS-CoV-2. Mainly due to their mechanisms of action.

6. Conclusions

Two years ahead of the COVID-19 pandemic start, plenty of treatment options 
have been investigated. Only a few of them have resulted in effective and safe alterna-
tives. The WHO [11] and the FDA [12] keep updated on the sources and status of the 
scientific evidence of each proposal. According to the WHO, ritonavir-nirmatrelvir 
outperforms other proposed therapeutics.

As SARS-CoV-2 continues mutating, an open question is whether these treatments 
will remain effective for these new versions. The evidence shows that they are for 
spike-mutated versions of the virus.

Finally, even though some drugs have been approved, availability is not even in 
the countries. The factors behind this include the distribution systems and logistics 
besides costs.
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Figure 9. 
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Inclusive Review on Existing 
Treatment and Management 
Modalities for COVID-19
Jalpa Suthar and Jhanvi Patel

Abstract

COVID 19 is widely regarded as one of the worst pandemics of the twenty-first 
century. The World Health Organization (WHO) named the viral infection caused 
by the new coronavirus (COVID-19), which was first reported in December 2019, 
as severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV2), and it became a 
cause of death for many all over the world. As a result, a unique inquiry and clinical 
trial to find a solution for this catastrophic pandemic disease is under way. To manage 
and eradicate the disease, effective vaccinations and antiviral therapies are urgently 
needed. There were no treatments or vaccines available for this fatal virus at first, 
but several medications that are used to treat other diseases are now being used to 
treat Covid19. Remdesivir has been licenced for therapy since it has shown to shorten 
hospital stays. Corticosteroids reduced mortality in patients requiring oxygen supple-
mentation or mechanical ventilation. The purpose of this review is to make readers 
aware of the possible efficacy and availability treatment for this viral infection.

Keywords: COVID-19, severe acute respiratory syndrome, corticosteroids, remdesivir, 
first wave, second wave

1. Introduction

Covid-19 which is also known as novel coronavirus pneumonia firstly encountered 
in Wuhan, China in December 2019. The WHO Emergency committee declared 
a global health emergency on 30 January 2020 based on the growing case rates of 
covid-19 at Chinese and international locations [1]. This virus spread was so rapid that 
after 2 weeks from the first case diagnosed, 1000 patients were tested positive and the 
number of positive cases reached over 30,000 and 2500 deaths by 18, March 2020 [2].

The rate at which transmission of nCoV19 among the human is increasing than 
SARS CoV1 and MERS CoV, one of the group of international committee on tax-
onomy of virus (ICTV) named as coronaviridae study group (CSG) renamed as SARS 
CoV2, while WHO named as Coronavirus disease 2019 (COVID-19) [3]. Structurally 
SARS CoV2 contains single strand RNA [4] of which two third part of RNA is located 
in open reading frame (ORF) which include polyproteins and non-structural protein 
for viral cycle [3]. There are other structural protein which are encoded by ORF’s like 
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spike glycoprotein (S), enveloped protein (E), matrix protein (M) and nucleocapsid 
protein (N). S protein of virus attached to host cell’s receptor is present on the angio-
tensin converting enzyme 2 (ACE2) [5] from which SARS CoV2 passes through the 
mucous membrane of respiratory tract from which it enter to lungs then to systemic 
circulation through which it could target organ such as heart, brain, renal, lungs, 
GIT [3]. Then after entering into the cell, it gets replicated using protein such as 
chymotrypsin(proteases) and RNA polymerase.

The number of COVID-19 cases in second wave was much higher than the first wave 
of COVID-19. There were several factors responsible for the same. There are some clear 
distinctions between the first and second waves which are shown in Table 1. Paediatric 
and younger people, as well as older people, got infected in the second wave. COVID 2nd 
wave symptoms were extremely varied [6].

From an Indian standpoint, things moved slowly initially, with the first cases 
showing in February 2020. The lockdown had its drawbacks, in that it controlled the 
disease to a certain level in the hopes of a few treatments fighting against the virus. 
Hydroxychloroquine, azithromycin, favipiravir, an antiviral, and ivermectin, an 
anthelminthic, were being used during the start of the pandemic in India [7].

The majority of COVID-19 patients had mild-to-moderate symptoms and were 
treated by qualified clinicians outside of the hospital. In India, a typical COVID-19 
prescription contains azithromycin, doxycycline, ivermectin, hydroxychloro-
quine, vitamin C, vitamin D, zinc, acetylcysteine, and budesonide inhalation or 
 dexamethasone [8].

Despite not being indicated for COVID-19 by any major standards, the antiviral 
favipiravir became India’s best-selling medicine in April 2021. Despite the advice of 
most international expert panels, anticoagulants like rivaroxaban were prescribed in 
outpatient settings, even for patients with no elevated thrombotic risk. Antibiotics 
with a broad spectrum of action are introduced under the pretence of treating 
secondary infections [8].

There has never been a poly-prescription of the mentioned medications previ-
ously. It’s unclear how these pharmaceuticals interact with one another (or with medi-
cations administered for pre-existing problems). It becomes difficult to tell whether a 
new symptom is caused by COVID-19 progression, an adverse drug reaction, or a new 
consequence [8].

Due to structural similarities of SARS CoV2 to HIV, Hepatitis B, C the drugs used 
for the treatment of Hepatitis C virus [4] i.e. remdesivir is also used in SARS CoV2 
as antiviral agents. Hence nucleoside analogues HIV proteases inhibitors (also RNA 
Polymerase) may be useful in COVID 19. On the other hand the second antiviral drug 
used in COVID treatment is FAVIPIRAVIR which is a purine based analogue [9] and 
RNA dependent RNA polymerase (RdRp) inhibitors which will inhibit RdRp for tran-
scription and replication of viral genomes [3]. An another purine nucleoside analogue 
ribavirin, inhibits the activity of enzyme IMPDH [9] (Inosine-5-monophosphate 
dehydrogenase) which leads to the suppression of the cellular DNA and mRNA which 
lead to suppression of protein synthesis, due to deceased level of the intracellular 
guanosine triphosphate pool.

Apart from this other two methods were also used for hindering the replication 
which included immune modulation where convalescent plasma therapy was used 
[10] and viral entry inhibition which was achieved by drug hydroxychloroquine 
(HCQ ) [9]. Hydroxychloroquine and chloroquine which are anti-malarial agents with 
anti-inflammatory activities, can produce immune modulatory effect too, therefore 
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a useful option for COVID 19 management. HCQ is known to demonstrate high 
potency inhibition of SARS CoV 2 virus in invitro studies. Besides this, corticoste-
roids also showed a tendency to reduce or prevent the systemic inflammation seen 
in COVID 19 patients [9]. Additionally many other drugs have also been selected for 
managing COVID 19 infection like Azithromycin (as antibiotics) lopinavir-ritonavir, 
interferon (antiviral drugs) multivitamins (vitamin D, vitamin C, and zinc) [3, 4, 9]. 
The supportive treatments included non-pharmacological approaches.

First wave Second wave

Causative organism SARS-Cov-2 virus Various mutants of SARS-Cov-2 virus

Knowledge about the disease Less More knowledge

Symptomatology Mostly related to respiratory 
system

New symptoms like Gastrointestinal etc.

Presentation More severe Less intense

Shortness of breath Fewer cases with 
breathlessness

Much more cases with breathlessness

Age profile of the patients Elder patients widely affected Effect seen more in younger patients

Comorbidities Patients with comorbidities 
affected more

Less

Drug availability Acute shortage and black 
marketing

Available in the hospitals and pharmacies

Health care workers They were lesser trained, 
not vaccinated and afraid of 
acquiring infection

• More trained increased

• Lesser fear to acquire infection

• Mostly vaccinated

Bed capacity Limited Enhanced

Ventilator beds Less than 25,000 Increased to more than 50,000

Laboratory testing Only one laboratory in January 
2020

More laboratories in Private and 
Government center

PPE Scarcity Plenty 1 million PPE produced

Vaccine Not available Approved vaccines available

Treatment affordability • Increased test price

• Increased treatment cost 
and PPE

• Markedly reduced test price

• Reduced treatment cost and PPE

Oxygen requirement to the 
patient

Less More

Requirement of mechanical 
ventilation

Less More

Disease Spread Slower Much faster

Plasma Therapy Limited Much more

Death rate Higher Lower

Positivity rate Lower Much higher

Table 1. 
Differences between the first and the second wave of COVID-19 in India.
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The C reactive protein and serum albumin have shown independent prognostic 
marker along with the age, maximum body temperature, smoking status and respira-
tory failure [11]. The immune response of the patients is weakened by inadequate 
nutrition. This shows that the nutritional derangements should be systematically 
managed in patients suffering from coronavirus. Besides giving the medicines or 
drugs when the patient’s body is not responding to medications the other therapy 
used was convalescent plasma therapy where the plasma from recovered patients 
was ejected out and given to the infected one [12]. Vaccination helped to improve the 
immune system of individuals [13].

The review emphasis on the comprehensive overview on various treatment 
modalities available for the management of Covid-19.

2.  Drug treatment options available for Covid-19 treatment  
and management

2.1 Drug treatment for Mild to moderate Covid-19 infection

2.1.1 Molnupiravir

Molnupiravir is an orally accessible prodrug of the nucleoside analogue -D-N4-
hydroxycytidine and is a broad-spectrum antiviral (NHC). In replicating coronavi-
ruses, molnupiravir or NHC can promote G to A and C to U transition mutations [14].

Mechanism of action: NHC circulates systemically after molnupiravir dosing and is 
phosphorylated intracellularly to NHC triphosphate. Viral RNA polymerase incor-
porates NHC triphosphate into viral RNA, which then misdirects viral polymerase 
to incorporate either guanosine or adenosine during viral replication. As a result, 
detrimental mistakes accumulate throughout the viral genome, rendering the virus 
non-infectious and unable to replicate [15].

Adverse effects: Diarrhea, Dizziness and Nausea [16].
Other indications: NA.

2.1.2 Azithromycin

Azithromycin is a broad-spectrum macrolide antibiotic with a protracted half-
existence and tremendous tissue penetration. It is mostly used for the remedy of res-
piration, enteric and genitourinary infections and can be utilized in desire to different 
macrolides for a few sexually transmitted and enteric infections. Azithromycin has 
extra immunomodulatory consequences and has been utilized in continual respiration 
inflammatory illnesses for this purpose [17].

Mechanism of action: Azithromycin has antiviral action against SARS-CoV-2 and 
may act at various stages of the viral cycle. Its immunomodulatory features include 
the capacity to reduce cytokine production, maintain epithelial cell integrity, and 
prevent fibrosis in the lungs [18].

Adverse effects: QTc prolongation has been linked to torsade’s de pointes and 
polymorphic ventricular tachycardia, rarely hepatotoxicity [18].

Other indications: Community-acquired pneumonia, in relation to its activity 
against Streptococcus pneumoniae, Hemophilus influenzae, and Moraxella catarrha-
lis. Treatment of other upper respiratory diseases, like acute otitis media and acute 
reoccurrence of chronic obstructive pulmonary disease [19].
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2.1.3 Favipiravir

Favipiravir is an oral medication that was authorized in Japan in 2014 for new and 
re-emerging pandemic influenza. Favipiravir (prodrug) is a purine base analogue that 
undergoes intracellular phosphoribosylation to become active favipiravir ribofurano-
syl-5B triphosphate (favipiravir-RTP).

Mechanism of action: Favipiravir is integrated into the nascent viral RNA via the error-
prone viral RdRp, resulting in viral mutagenesis and chain termination. The presence 
of RdRp in many types of RNA viruses allows favipiravir to have a broader spectrum of 
antiviral activity. Favipiravir-RTP acts as a mutagen after RNA viral inclusion, allowing 
it to avoid coronavirus repair machinery. Overall, favipiravir-RTP has a beneficial effect 
on SARS-CoV-2 by inducing a cytopathic effect, which reduces the number of viral RNA 
and infectious particles, as well as increasing the frequency of mutation [20].

Adverse effects: Abnormal liver function tests, psychiatric symptom reactions, 
digestive tract reactions and raised serum uric acid [3].

Other indications: RNA viruses such as resistant influenzas virus, arenaviruses, 
Bunyaviruses, floviruses, Rift Valley Fever, Yellow Fever, West Nile, Western equine 
encephalitis, foot-and-mouth disease virus, norovirus and avian influenza [3].

2.1.4 JAK-STAT inhibitors

As cytokines are clearly important in the fight against viral infections, the hyperin-
flammatory conditions caused by the SARS-CoV-2 infection due to the cytokine storm.

Mechanism of action: STAT proteins with SH2 domains are inactive and restricted 
to the cytoplasm in unstimulated cells. STAT proteins use SH2 domains to bind to the 
phospho-tyrosine that includes receptor sequences after cytokine receptor stimula-
tion. Furthermore, JAK-induced phosphorylation of STAT proteins at cytokine type 
receptors results in STAT protein dimerization. STATs can translocate inside the 
nucleus and trigger apoptosis, immunological modulation, cell cycle differentiation, 
and gene transcription due to their dimerization.

Adverse effects: Ruxolitinib: Purpuric lesions on the skin of limbs and erythroder-
mic rashes in 2 SARS-CoV-2 patients.

Long term use of Baricitinib: Serious infections and thromboembolic events in 
patients.

Tofacitinib: Abdominal pain, acne vulgaris, anemia, angioedema, diarrhea, dehy-
dration, dyspepsia, headache, hepatotoxicity, hyperlipidemia, hepatitis, lymphoma, 
lymphopenia, nausea, neutropenia, pulmonary embolism, rashes, vomiting, blood 
clots, GI perforations [21].

Other indications: Rheumatoid arthritis, Psoriatic arthritis, Ulcerative Colitis, 
Chron’s disease, Alopecia areata, Vitiligo, Psoriasis, Atopic dermatitis [22].

2.2 Drug treatment for severe Covid-19 infection

2.2.1 Remdesivir

Remdesivir (RDV), also known as GS-5734, is a monophosphoramidate prodrug 
and adenosine nucleoside analogue that is converted to GS-441524, the active form [3].

Mechanism of action: Remdesivir inhibits viral RNA-dependent RNA polymerase 
(RdRp), which is involved in viral genome replication. When remdesivir is metabolized by 
the host cells into its pharmacologic active analogue, adenosine triphosphate (GS-443902), 
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it competes with ATP for integration by the RdRp complex into the nascent RNA strand, 
resulting in the cessation of RNA synthesis and reducing viral replication [23].

Adverse effects: Hypotension, arrhythmias, and cardiac arrest, Dyspnea, Acute 
respiratory failure, acute respiratory distress, pneumothorax, pulmonary embolism, 
Anemia, lymphopenia, Hyperglycemia, Pneumonia, septic shock, Elevated lipase, 
nausea, vomiting, diarrhea, constipation, poor appetite, gastroparesis, and lower GI 
bleeding, Acute kidney injury or worsening of underlying chronic kidney disease, 
hypernatremia, hypokalemia, Headache, lightheadedness, Rash, contact dermatitis, 
pruritus, Delirium, Pyrexia, insomnia, multi-organ dysfunction and DVT.

Other indication: Ebola Virus [24].

2.2.2 Dexamethasone

Dexamethasone is a corticosteroid with anti-inflammatory and immunosuppres-
sive properties that is used to treat a variety of illnesses [25].

Mechanism of action: It works by blockade of inflammation pathways, vasodilation 
and immune cell migration [26].

Adverse effects: Hyperglycemia, secondary infections, psychiatric effects, avascular 
necrosis [25].

Other indications: Allergic states, GIT disorders, Hematologic disorder, Renal 
disorders [25].

2.2.3 Selinexor

Selinexor, a selective inhibitor of nuclear localization compound that structures expor-
tin 1 (XPO1) and compels nuclear concentration and initiation of oncogenic proteins, 
inhibits transcription factor nf B, and reduces oncoprotein messenger RNA translation, 
could be a new treatment option for myeloma that has resisted current treatments [27].

Mechanism of action: The severe pulmonary inflammation associated with COVID-
19, as well as high levels of cytokines such as IL6, IL1, IFNg, and others, is one of the 
most essential features of the virus. Selinexor has shown substantial anti-inflammatory 
effect by inhibiting Nuclear Factor kB (NF-kB), resulting in decreases in all of these 
cytokines and is helpful especially for COVID-19 patients who are hospitalized [28].

Adverse effects: Blurred vision, Cataract was reported as the most widespread side 
effect [29]. Nausea, vomiting, diarrhea, constipation, weight loss. Loss of appetite. 
Extreme tiredness. Difficulty falling asleep or staying asleep. Headache. taste changes. 
Easy bleeding or bruising, fatigue, pale skin, or shortness of breath, fever, cough, 
chills, or other signs of infection, seeing things or hearing voices that do not exist, 
confusion, double vision and increased sensitivity to light and glare [30].

Other indications: Selinexor is indicated for the remedy of relapsed or refractory a 
couple of myelomas in aggregate with dexamethasone. Patients need to have acquired 
as a minimum four previous treatments and feature sickness that’s refractory to least 
proteasome inhibitors, as a minimum immunomodulatory agent, and an anti-CD38 
monoclonal antibody [31].

2.2.4 Nitric oxide

In the cardiovascular and immune systems, nitric oxide plays a significant patho-
physiological role. NO works as a selective pulmonary vasodilator to promote oxygen-
ation and lessen pulmonary vascular resistance [32].
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Mechanism of action: NO has the ability to act as a vasodilator and immunological 
regulator. As a vasodilator, it works as a selective pulmonary vasodilator to improve 
oxygenation and reduce pulmonary vascular resistance, as a bronchial/airway dilator 
to promote oxygen inhalation, as a vascular anticoagulant to prevent blood clotting 
and excessive platelet activation [33].

Adverse effects: Blurred vision, dizziness, faintness, or light-headedness. Sweating, 
Unusual exhaustion or weakness. Incidence not known: bluish lips or skin, Chest 
discomfort, Difficult or labored breathing, Dizziness, Tightness in the chest, Trouble 
breathing [33]. Clinical adverse effects of iNO include the following: Worsening heart 
failure, Hypotension, Pulmonary vasospasm, Methemoglobinemia [34, 35].

Other indications: Pulmonary Hypertension in Infants, Chronic Lung Disease in the 
Infant [34]. Improve oxygenation and reduce the risk of extracorporeal membrane 
oxygenation in term and near-term infants with hypoxic respiratory failure and clini-
cal and/or echocardiographic signs of pulmonary hypertension [35].

2.2.5 Paxlovid

Ritonavir-Boosted Nirmatrelvir. Nirmatrelvir is an orally absorbed protease 
inhibitor that inhibits MPRO, a viral protease that cleaves the two viral polyproteins 
required for viral replication. It has shown antiviral activity against all known corona-
viruses that infect people [36].

Mechanism of action: Paxlovid is made up of two drugs: nirmatrelvir, which stops 
the virus from replicating by inhibiting a SARS-CoV-2 protein, and ritonavir, which 
slows down the breakdown of nirmatrelvir and allows it to stay in the body for longer 
at higher concentrations [37].

Adverse effects: Diarrhea, Altered or impaired sense of taste, Muscle aches, 
Increased blood pressure [38].

2.3 Supportive treatments for Covid-19 infection

2.3.1 Paracetamol

Paracetamol, often known as acetaminophen, is a pain reliever and fever reducer 
commonly used for mild to moderate pain and discomfort. This medicine has been 
prescribed to alleviate the symptoms of COVID-19 infection, which include fever, 
body aches, and headaches. Patients with these symptoms may find relief with 
paracetamol, but it is not a treatment for COVID-19 [39].

Adverse effects: Itchy, red, swollen, blistered, or peeling skin, wheezing, chest or 
throat tightness, difficulty breathing or speaking, swelling of the mouth, face, lips, 
tongue, or throat [40].

2.3.2 Vitamin D

It has the ability to function autocrinally in a local immunologic environment. 
Vitamin D has the ability to influence both innate and adaptive immune responses. 
Vitamin D deficiency has been linked to increased autoimmunity and susceptibility 
to infection. As immune cells in autoimmune diseases are responsive to the ameliora-
tive effects of vitamin D, the beneficial effects of supplementing vitamin D-deficient 
individuals with autoimmune disease may extend beyond the effects on bone and 
calcium homeostasis [41].
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Mechanism of action: Vitamin D receptors are found on B cells, T cells, and antigen-
presenting cells, among other immune cells. Because these cells may generate the 
active vitamin D metabolite, vitamin D has the potential to manipulate innate and 
adaptive immune responses [42].

Adverse effects: Some side effects of taking too much vitamin D include weakness, 
dry mouth, nausea, vomiting, and others. Taking vitamin D for long periods of time 
in doses higher than 4000 IU (100 mcg) daily is possibly unsafe and may cause very 
high levels of calcium in the blood [43].

Other indications: Osteoporosis, Hypoparathyroidism, Vitamin D resistant Rickets, 
Familial Hypophosphatemia [44].

2.3.3 Vitamin C

Vitamin C levels in serum and leukocytes are depleted during the acute stage of 
infection owing to increased metabolic demands. Vitamin C supplementation at a 
high dose aid in the normalization of serum and leukocyte vitamin C levels. Vitamin 
C has a number of pharmacological properties, including antiviral, anti-oxidant, anti-
inflammatory, and immunomodulatory activities, making it a promising treatment 
choice for COVID-19 [45].

Mechanism of action: Vitamin C, also known as ascorbic acid, is a water-soluble 
nutrient that is vital for human health. Immune responses rely heavily on ascorbic 
acid. As an antioxidant, vitamin C plays a vital homeostatic role. It has been shown to 
have direct virucidal activity as well as increase interferon production. Both the innate 
and adaptive immune systems have effector mechanisms. Vitamin C inhibits NF-B 
activation, which reduces reactive oxidative species (ROS) and inflammation. While 
SARS-CoV-2 suppresses the expression of type-1 interferons (the host’s main antiviral 
defense), ascorbic acid increases the expression of these important host defense 
proteins [46].

Adverse effects: Nausea, vomiting and diarrhea, Heartburn, Stomach cramps or 
bloating, Fatigue and sleepiness, or sometimes insomnia, Headache, Skin flushing. 
Vitamin C supplements taken orally, especially in large doses, might produce kidney 
stones. The use of oral vitamin C supplements in excess of 2000 milligrams per day 
for an extended period of time raises the risk of serious side effects [47].

Other indication: Assisting in the protection and maintenance of cells. Maintaining 
healthy skin, blood vessels, bones and cartilage. Assisting in the healing of wounds [48].

2.3.4 Zinc

Zinc is a trace mineral, which means it is only needed in minute amounts by the 
body, yet it is required for almost 100 enzymes to carry out critical chemical reac-
tions. It plays an important role in the formation of DNA, cell development, protein 
synthesis, tissue repair, and immune system support [49].

Mechanism of action: Zn supplementation has the ability to increase innate and 
humoral antiviral immunity, as well as restore reduced immune cell activity or 
improve normal immune cell function, especially in immunocompromised or elderly 
patients. When used with normal antiviral therapy, Zn has been shown to have a syn-
ergistic effect in patients with hepatitis C, HIV, and SARS-CoV-1. Physical processes 
such as virus adhesion, infection, and uncoating are primarily responsible for Zn′s 
effectiveness against a variety of viral species. Zn may also protect or stabilize the cell 
membrane, which may help to prevent the virus from entering the cell [50].
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Adverse effects: Indigestion, Diarrhea, Headache, Nausea, Vomiting [51].
Other indications: Zinc can be used to treat zinc deficiency, diarrhea, and Wilson 

disease. Acne, diabetes, anorexia, burns, and a variety of other conditions are all 
treated with zinc. Several scientific evidence supports its usage in the treatment of 
some of these conditions [52].

Additionally, supplemental oxygen therapy is provided to patients with Severe 
Covid and respiratory distress, hypoxemia, or shock. Oxygen therapy at 5 L/
min and titrate flow rates to reach target SpO2 ≥ 90% in non-pregnant adults and 
SpO2 ≥ 92–96% in pregnant patients. NIV/HFNC (Helmet or face mask interface 
depending on availability) should be used in patients with increasing oxygen require-
ment, if work of breathing is increasing.

Intubation should be prioritized in patients with high work of breathing /if NIV is 
not tolerated., presence of hemodynamic instability, altered mental status or multi-
organ failure. Ventilatory management carried out according to protocol [53].

3.  Standard treatment according to MoHFW for different severities of 
COVID-19 infection

MoHFW (Ministry of Health and Family Welfare) is a government ministry in 
India that is responsible for health policy [53]. It is also in charge of all government-
sponsored family planning programmes in India. As a member of the Council of 
Ministers, the Minister of Health and Family Welfare has cabinet rank.

The standard treatment given by MoHFW for different severities is given below.
Drug treatment for patients with mild cases:

i. Tab Paracetamol for fever and if fever is not controlled with a maximum dose 
of Tab. Paracetamol 650 mg QDS, then consult a doctor and they may prescribe 
drugs like non-steroidal anti-inflammatory drug like for example Tab.Naproxen 
250 mg twice a day.

ii. Tab Ivermectin (200 mcg/kg OD) for 3–5 days (avoid in pregnant and lactating 
women)

iii. Tab Hydroxychloroquine (400 mg BD for 1 day, followed by 400 mg daily for 
next 4 days, unless contraindicated)

iv. Inhalational Budesonide (given via inhalers with spacer at a dose of 800 mcg BD 
for 5–7 days) only to be given if symptoms (fever and/or cough) are persistent 
beyond 5 days of disease onset.

v. Systemic oral steroids not required in mild severity. If symptoms are persistent 
beyond 7 days (persistent fever, worsening cough etc.) consult the doctor for 
treatment with low dose oral steroids.

vi. Continue the medications for other co-morbidities.

Drug Treatment for patients with moderate cases:

i. Antipyretic (Paracetamol) for fever and pain,
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ii. Anti- tussives for cough

iii. Adequate hydration should be ensured

iv. Oxygen Support: Target SpO2: 92–96% (88–92% with COPD patients). The 
device chosen for administering oxygen depends on the severity of hypoxia and 
work of breathing.

v. Anticoagulants: Prophylactic dose of Un-Fractionated Heparin (UFH) or Low 
Molecular Weight Heparin (LMWH) (e.g., enoxaparin 0.5 mg/Kg body wt per 
day SC). Consider UFH in ESRD.

vi. Anti-inflammatory or immunomodulatory therapy: IV Methylprednisolone 
0.5–1 mg/kg OR IV Dexamethasone 0.1–0.2 mg/kg for a duration of 5–10 days. 
Switch to oral therapy if the patient’s health is improving.

vii. Antibiotics should be prescribed only when clinical suspicion of bacterial infec-
tion. Those who develop infection, consider empiric antibiotic therapy as per 
local antibiogram.

viii. Continue the medications for other co-morbidities.

Drug treatment for patients with severe cases:

i. Symptomatic treatment with paracetamol,

ii. Antitussives for cough

iii. When no evidence of shock use of conservative fluid management in patients to 
maintain euvolemia.

iv. Respiratory support according to the requirement.

v. Anti-inflammatory or immunomodulatory therapy: IV Methylprednisolone 
1–2 mg/kg IV in two divided doses (or 0.2–0.4 mg/kg of dexamethasone) usually 
for 5–10 days.

vi. Anticoagulants: Prophylactic dose of Un-Fractionated Heparin (UFH) or Low 
Molecular Weight Heparin (LMWH) (e.g., enoxaparin 0.5 mg/Kg body wt per 
day SC). Consider UFH in ESRD.

To conclude, these are the drugs that are used in India for the treatment of mild, 
moderate and severe covid infection. For mild-moderate infection, Molnupiravir, 
Azithromycin, JAK-STAT Inhibitors and Favipiravir. For severe covid infections, drugs 
like Remdesivir, Paxlovid, Nitric Oxide, Selinexor and Dexamethasone. Common 
treatment includes Nutritional and Vitamin Supplements, Paracetamol and Zinc. 
Additionally,Nitazoxanide, Niclosamide, Rintatolimod, Bencentinib, Plitidepsin, VIR- 
2703, Emetine hydrochloride, AT-527, Trabedersen, Stannous protoporphyrin, 
Antroquinonol, Apilimod dimesylate, Brilacidin, Infliximab, Abatacept, Cenicriviroc, 
Interleukin-1 inhibitors, Interleukin-7 inhibitors are drugs under trial for the 
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treatment for COVID 19 infection. As per the latest data from WHO, the total con-
firmed cases since the pandemic started till May end 2022 are 43,147,530 and the total 
deaths accounts to 524,539 [54].
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the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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Abstract

The new coronavirus first appeared in December 2019 in Wuhan, China, being 
officially named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by 
the International Committee on Taxonomy of Viruses (ICTV), as well as the name 
of the disease has been described as COVID-19 (coronavirus disease 2019). In March 
2020, the disease was considered a global pandemic, with currently more than 514 
million cases worldwide, with 6.4 million deaths. Severe cases of COVID-19 prog-
ress to acute respiratory distress syndrome (ARDS), on average about 8–9 days after 
the onset of symptoms. It is also worth mentioning that the severity of the disease in 
patients is not only due to the viral infection but also due to the host response. This 
phase, called a cytokine storm, reflects a state of systemic immune activation, with 
high levels of cytokines, such as IL-6, IL-1b, IL-2, IL-12, IL-18, TNF, and interferon 
gamma (IFN-γ). In this sense, the management of the disease largely depends on 
symptomatic and supportive treatments. For severely or critically ill patients with 
acute respiratory distress syndrome (ARDS) and sepsis, in addition to supplemental 
oxygen, mechanical ventilation, and ARDS-specific therapies, antiviral and anti-
biotic treatments should also be considered. Thus, the purpose of this chapter is to 
describe the pathophysiology and treatment of SARS-CoV-2 infection.

Keywords: SARS-CoV-2, COVID-19, pathophysiology, treatment

1. Introduction

Coronaviruses (CoVs) belong to the order of Nidovirales, family of Coronaviridae, 
and are divided into four genera: alphacoronavirus, betacoronavirus, gammacoronavirus, 
and deltacoronavirus. The term “Corona” is used because the virus has crown-like 
spikes on its external surface [1]. CoVs cause diseases in a wide variety of birds and 
mammals and have been found in humans since 1960. To date, seven human CoVs 
have been identified, including the alpha-CoVs HCoVs-NL63 and HCoVs-229E and 
the beta-CoVs HCoVs-OC43, HCoVs-HKU1, severe acute respiratory syndrome-CoV 
(SARS-CoV), and Middle East respiratory syndrome-CoV (MERS-CoV). The new 
coronavirus was first identified in December 2019 in Wuhan, China, being officially 
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named by the International Committee on Virus Taxonomy (ICTV), as well as the 
name of the disease has been designated COVID-19 [2, 3].

SARS-CoV-2 is very contagious since it is able to spread easily from human to 
human through different routes of infection, such as droplets, contact, and aerosol 
transmission. Coronaviruses (CoVs) are the largest known RNA viruses, their size 
ranges from 65 to 125 nm in diameter, and their nucleic acid genome is a single-tape 
RNA, with a size ranging from 26 to 32 Kb. The CoVs HKU1, NL63, OC43, and 229E 
are associated with mild symptoms in humans, while SARS-CoV, MERS-CoV, and 
SARS-CoV-2, which belong to the genus betacoronavirus, cause severe pneumonia in 
humans [3].

CoVs were believed to infect only animals until an outbreak of severe acute 
respiratory syndrome (SARS) caused by SARS-CoV occurred in 2002 in Guangdong, 
China. A decade later, another pathogenic coronavirus, known as middle eastern 
respiratory syndrome coronavirus (MERS-CoV), caused an endemic disease in 
Middle Eastern countries. In late 2019, Wuhan, an emerging business center in China, 
experienced an outbreak of a new coronavirus that killed more than 1,800 people and 
infected more than 70,000 in the first fifty days of the epidemic. From the sequence-
based analysis of isolates from patients, the virus was identified as a new coronavirus. 
In a recent review, it was demonstrated that the epicenter of the COVID-19 pandemic 
was similar to that of SARS-CoV-1, that is, a zoonotic origin. The most robust evi-
dence points out that the Huanan market was the epicenter of the pandemic, probably 
the wildlife trade [4].

Because it is an RNA virus, SARS-CoV-2 presents a high mutation rate as its charac-
teristic. This aspect provides conditions for this viral zoonotic pathogen to become more 
efficiently transmitted from person to person and possibly becoming more virulent. 
These observations indicated the ability of this virus to contaminate from human to 
human, which was subsequently reported worldwide [5]. In this sense, in March 2020, 
the disease was considered a global pandemic. Since then, there have been more than 
575 million cases and 6.4 million deaths worldwide, according to data of the World 
Health Organization (WHO) in July 2022. In the same period, in Brazil, there were 
33 million cases, with 679,000 deaths. The mortality rate in this country, according to 
the Brazilian Ministry of Health, is 32 people per 100,000 habitants.

Considering the epidemiological aspects of the pandemic, with emphasis on the 
mortality of COVID-19, disease therapy is a decisive tool in the conduction of patients 
and is fundamental for clinical improvement. Without specific treatment established 
for COVID-19 up to now, therapeutic support, such as the use of corticosteroids and 
oxygen supplementation, delivered the best results in large trials. In addition, inter-
leukin blockers presented a good response in patients with the potential to progress 
to cytokine storm and acute respiratory distress syndrome (ARDS). Thus, the objec-
tive of this chapter is to describe the pathophysiology and treatment of SARS-CoV-2 
infection, highlighting the importance of inflammatory biomarkers and knowledge 
of pathophysiology, and their interaction for early recognition of therapeutic targets 
(corticosteroids, oxygen supplementation), the need for hospitalization in intensive 
care units, as well as predict the evolution of the disease.

2. COVID-19

COVID-19 is a disease with high contagious power and clinical manifestations 
ranging from mild to severe, with the majority of the cases being mild. In current 
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data, 81% of cases present mild symptoms and 1.2% are asymptomatic. The 
WHO estimates the reproductive number (R0) of SARS-CoV-2 between 2 and 
2.5, which is higher than SARS (1.7–1.9) and MERS (<1), and demonstrates the 
highest pandemic potential of SARS-CoV-2. SARS-CoV-2 can spread rapidly in 
the community, unlike SARS-CoV and MERS-CoV, which have a higher mortality 
rate and a higher hospital admission rate [3]. Two main strains called “A” and “B” 
helped to track and know the viral genome of SARS-CoV-2, the difference between 
these two strains is only two nucleotides, and these characteristics are also found 
in coronavirus of Rhinolophus, the supposed host reservoir. Strain B has been the 
most common in the entire pandemic and includes all eleven sequenced human 
genomes directly associated with the Huanan market, The oldest human-line A 
genomes do not have a direct epidemiological connection with the Huanan market 
but have been identified in patients who have circulated in the vicinity of the 
market [6].

To enter host cells, SARS-CoV-2 shares the same human cell receptor with 
SARS-CoV, the angiotensin 2 converting enzyme (ACE-2), which is an ectoen-
zyme anchored in the plasma membrane of cells of various tissues, mainly in the 
lower respiratory tract, heart, kidneys, and gastrointestinal tract. The first critical 
step for the entry of the virus into sensitive host cells involves a specific receptor, 
usually, the CoVs enter the host cell using the transmembrane Spike glycoprotein 
(S). After the viral anchorage, transmembrane serine protease 2 (TMPRSS2) 
cleaves and activates the Spike protein: S1 binds to the receptor through its 
receptor-binding domain and S2 fuses the host membrane with the viral counter-
part, an event that allows SARS-CoV-2 to enter the cells by endocytosis or direct 
fusion of the viral envelope with the host membrane [7].

Active replication and virus release cause the host cell to suffer pyroptosis and 
the discharge of pro-inflammatory chemical mediators, which are recognized by 
neighboring epithelial cells, endothelial cells, and alveolar macrophages, trigger-
ing the generation of pro-inflammatory and chemokine cytokines, including IL-6. 
Chemokines and pro-inflammatory cytokines attract monocytes, macrophages, and 
T cells to the site of infection, increasing the inflammatory picture (with the addition 
of IFNγ produced by T cells) and establishing a pro-inflammatory feedback cycle 
(Figures 1 and 2) [8].

In an impaired immune response, there may be a greater accumulation of immune 
cells in the lungs, causing overproduction of pro-inflammatory cytokines, which 
damages the lung infrastructure. The resulting cytokine storm circulates to other 
organs, promoting damage to various organs. In addition, non-neutralizing antibod-
ies produced by B cells can increase SARS-CoV-2 infection through antibody-depen-
dent enhancement, further exacerbating organ damage. Alternatively, in a healthy 
immune response, initial inflammation attracts virus-specific T cells to the site of 
infection, where they can eliminate infected cells before viral spread. Neutralizing 
antibodies in these individuals can block viral infection, and alveolar macrophages 
recognize neutralized viruses and apoptotic cells and eliminate them by phagocytosis, 
generating minimal inflammatory  damage [8].

The mean incubation period of COVID-19 is 5 to 6 days, the mean age 
of COVID-19 cases ranges from 49 to 57 years, and the mean time from the first 
symptom to death is 14 days. Within 5 to 6 days of the onset of symptoms, the 
viral load of SARS-CoV-2 reaches its peak, being significantly earlier than that of 
SARS-CoV, in which the period of viral load peak is about 10 days after the onset 
of symptoms [9].
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Severe cases of COVID-19 progress to acute respiratory distress syndrome 
(ARDS), on average, about 8–9 days after the onset of symptoms. It is also worth 
mentioning that the severity of the disease in patients is not only due to viral infection 
but also due to the response of the host [8], as shown in Figures 3 and 4.

Figure 2. 
Viral replication of SARS-CoV-2. Figure describes: 1) Fusion of the virus to the host membrane, occurring 
endocytosis; 2) Exposure of the viral genome; 3) viral polymerase performs transcription for viral protein; 4) 
viral replication occurs; 5) genomic replication; 6) transition of the virus into proteins in the membrane of the 
endoplasmic reticulum; 7) proteins S, E, and M recombining with nucleocapsid; 8) viruses within the Golgi 
capsule, performing viral maturation; and 9) viral exocytosis. Source: Figure of the authors.

Figure 1. 
Connection of SARS-CoV-2 to ACE-2 receptors. Figure describes: The connection of SARS-Cov-2 with the ACE2 
receptor on the target cell, followed by cleavage of SARS-CoV-2 with the S protein, activation of the S2 domain, 
and fusion of the viral membrane with the host cell. Source: Figure of the authors.
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SARS-CoV-2 infection in severe cases leads to activation of macrophages and 
dendritic cells and consequent exacerbated release of pro-inflammatory cytokines. In 
addition, the presentation of SARS-CoV-2 antigens through the main histocompat-
ibility complexes I and II (MHC I and II) stimulates humoral and cellular immunity, 
also resulting in the high production of cytokines. When the virus reaches the lower 
respiratory tract and infects type II pneumocytes, it promotes apoptosis and loss of 
surfactant, capillary extravasation, and alveolar edema, resulting in lung damage and 
collapse, impairing gas exchange [10].

The onset and duration of the cytokine storm vary, depending on the cause and 
treatments administered. Most patients with cytokine storm present fever, fatigue, 
anorexia, headache, rash, diarrhea, arthralgia, myalgia, and neuropsychiatric find-
ings. These symptoms may be directly due to cytokine-induced tissue damage or acute 
phase physiological changes or may result from immune cell-mediated responses. 
Cases may progress rapidly to disseminated intravascular coagulation with vascular 

Figure 3. 
Innate and adaptive immune response at COVID-19. Description of the most frequent cellular alterations in 
COVID-19: increase of neutrophils and decrease of eosinophils, monocytes, and basophils. Lymphopenia occurs 
due to a decrease in CD4, Cd8, B and natural killer lymphocytes. The activated T lymphocyte promotes the 
increase of TNF, Interferon, and IL-2. The activation of B lymphocytes promotes the increase of immunoglobulins 
G. In the storm of cytokines occurs an uncontrolled elevation of IL-6, IL-1, TNF, interferon gamma, and IL-10. 
Source: Figure of the authors.
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occlusion or catastrophic hemorrhage, dyspnea, hypoxemia, hypotension, hemostatic 
imbalance, septic shock, and death [11].

Since the initial phase of the pandemic, the cytokine storm has become peculiar 
to SARS-COV-2 infection, at least in severe cases. It is responsible for damaging the 
respiratory tract and subsequent failure of multiple organs. It results from a complex 
network involving cytokines/chemokines/infiltrating immune cells that orchestrate 
the aberrant immune response in COVID-19. This term covers several disorders of 
immune dysregulation and is characterized by constitutional symptoms, systemic 
inflammation, and multiple organ dysfunction [12].

The combination of hyperinflammation, coagulopathy, and low platelet count 
puts patients with cytokine storm at high risk of spontaneous bleeding. Among the 
most commonly described biomarkers are interleukin I 1β, IL-6, tumor necrosis 
factor (TNF) α, interferon (IFN) γ, and IL-10. The cytokine storm sustains too much 
inflammatory response in the blood, causing the immune system to attack the body 
involving various organs, such as the lungs. This, in turn, causes injury to the alveo-
lar-capillary membrane, increased pulmonary permeability, acute respiratory distress 
syndrome, and multiple organ failure [13].

In the pathophysiology of cytokine storm, we can highlight macrophage activa-
tion, a hyperinflammatory condition associated with different triggers, including 
infections, autoimmune diseases, and neoplasms, being characterized by fever, 
hepatosplenomegaly, cytopenias, elevated levels of ferritin, triglycerides, lactic 
dehydrogenase, D-dimer and aminotransferases, as well as hypofibrinogenemia. 
The acute phase of the syndrome reflects a state of systemic immune activation, 
with elevated cytokine levels such as IL-6, IL-1b, IL-2, IL-12, IL-18, TNF, and 
interferon gamma (IFN-γ). The term macrophage activation syndrome (AMS) 
refers to a subgroup of patients with secondary hemophagocytic lymphohistio-
cytosis, in a context of self-ignition or systemic autoimmunity, characterized by 
hyperinflammatory and hyperferritinemic immune responses, directed by different 
T lymphocyte subpopulations and associated with cytokine release syndrome [9], as 
illustrated in Figure 4.

Figure 4. 
Cytokine storm at COVID-19. Description of the pathophysiology of cytokine storm, after the entry of the virus 
into the pneumocyte, occurs activation of macrophages with the release of cytokines, generating damage to lung 
cells, with fibrin formation, increased vascular permeability, and pulmonary edema. Source: Figure of the 
authors.
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3. Treatment of COVID-19

To date, no pharmacological intervention has been shown to be effective and safe 
to ensure its use in the routine treatment of patients with COVID-19; therefore, ide-
ally, these patients have been treated in the context of clinical trials and guidelines for 
good clinical practice. In newly emerging diseases, such as COVID-19, especially in a 
pandemic situation, interventions are mainly performed based on in vitro experiments, 
personal experiments, and small limited observational studies. The management of the 
disease depends largely on symptomatic and supportive treatments [14].

Worldwide, several pharmacological interventions have been proposed for 
COVID-19, such as anticoagulants, antimicrobials, chloroquine, hydroxychloroquine, 
convalescent plasma, remdesivir, and tocilizumab [14]. For severely or critically ill 
patients with acute respiratory distress syndrome (ARDS) and sepsis, in addition 
to supplemental oxygen, mechanical ventilation and specific therapies for ARDS, 
antiviral and antibiotic treatments should also be considered [15, 16].

3.1 Steroids

The use of systemic corticosteroid therapy in the treatment of infectious diseases is 
controversial, however, widely used. Corticosteroids have received worldwide attention 
as a potentially effective treatment for COVID-19 infection [15]. In the COVID-19 
Randomized Trial of Therapy (RECOVERY), the use of dexamethasone resulted in 
lower mortality rates in individuals with COVID-19 who received mechanical ventila-
tion or supplemental oxygen [17]. In the CoDEX study in patients with COVID-19 and 
moderate or severe ARDS, the use of dexamethasone resulted in a statistically sig-
nificant increase in the number of days without mechanical ventilation, but without 
impact on mortality [18].

Pathologies that present an increase in endogenous levels of glucocorticoids (CG) 
are sepsis, cachexia, metabolic acidosis, and severe insulinopenia. GC-induced muscle 
atrophy is characterized by rapidly contracting glycolytic muscle atrophy, decreased 
fiber cross-sectional area, and reduced myofibrillar protein content [19, 20]. 
Glucocorticoids lead to an imbalance between the rate of synthesis and degradation 
of proteins. Dexamethasone, a synthetic glucocorticoid, stimulates skeletal muscle 
atrophy by promoting protein degradation [19] through the ubiquitin-proteasome 
pathways and by inhibiting protein synthesis via Akt/(mTOR) [21].

According to Shang et al. [22], patients with COVID-19 release elevated  
cytokine levels, showing that alveolar damage is steroid-responsive. The RECOVERY 
study established that dexamethasone can significantly decrease mortality in severe 
cases of COVID-19, especially in critical conditions when ventilatory support is 
necessary, presumably because the severity of lung injury reflects worsening of the 
hyperinflammation. The reason for dexamethasone to be chosen included its anti-
inflammatory potency, lack of mineralocorticoid effect, and longer action profile 
[23]. Pharmacological responses require exposure to high doses of corticosteroids, 
and in vitro studies have shown a higher response with methylprednisolone than 
with dexamethasone [24], and this preference is sustained when the inflammatory 
pathway and characteristics of the different corticosteroids are considered. In 
addition, treatment with methylprednisolone for a shorter period may also minimize 
systemic side effects [25]. The trial of Ko et al. [26], provided evidence that the 
mortality benefit of dexamethasone in severe COVID-19 is not drug-specific but 
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rather the general anti-inflammatory effect of corticosteroids. In this study, the 
higher anti-inflammatory potency of methylprednisolone showed additional 
mortality benefits, especially in patients who required mechanical ventilation.

The Brazilian guideline for the pharmacological treatment of hospitalized 
patients reviewed several studies worldwide, bringing a strong recommendation for 
the use of dexamethasone (6 mg/day for 10 days) only in individuals who are under 
the use of supplemental oxygen therapy since at the Brazilian level, this drug has 
good tolerance on the part of the patient and low cost for health institutions. There 
is no evidence for the use of routine corticosteroids in patients with COVID-19, 
especially, this should still be avoided within the first 7 to 10 days of the onset of the 
symptoms, when the host response is fighting the viral infection. Some evidence 
suggests retardation in viral clearance when corticosteroids are used early. The 
potential benefit of its use would be in patients with moderate to severe ARDS, in 
selected cases and without suspicion of uncontrolled bacterial infection, 10–14 days 
after the onset of COVID-19 symptoms. The doses used in the studies ranged from 
10 mg to 20 mg of dexamethasone and 40 mg to 120 mg of methylprednisolone per 
day for 5–10 days [14].

The Brazilian recommendation is in accordance with the WHO guideline 
Corticosteroids for COVID-19 launched in September 2020, which reviewed meta-
analyses and randomized trials with data from more than 7,000 patients. The WHO 
panel recommends the use of oral or intravenous glucocorticoids for 7 to 10 days 
in patients with severe and critical COVID-19, defined by the presence of signs of 
respiratory distress, increase in respiratory rate, hypoxemia, necessity of vasopressor 
therapy, and/or mechanical ventilation, regardless of their hospitalization status. 
The recommendation is supported by evidence of 6.7 to 8.7% reduction in 28-day 
mortality and reduction in the need for invasive mechanical ventilation. Different 
GC can be selected, according to availability and observing equivalent doses. The 
daily dose of 6 mg of dexamethasone is equivalent to 40 mg of prednisone, 160 mg 
of hydrocortisone (e.g., 50 mg every 8 hours or 100 mg every 12 hours), or 32 mg of 
methylprednisolone (e.g., 8 mg every 6 hours or 16 mg every 12 hours). The panel 
also recommends to monitor glucose levels and other potential GC adverse effects, 
and not to use GC in non-severe COVID-19, due to a potential risk of increasing death 
in this setting. One should also adjudicate the risk of secondary and endemic infec-
tions and act to minimize their risk.

An important aspect to consider is that the increase in cortisol and bed rest act 
synergistically on the decrease in muscle mass. It has been demonstrated that after 
28 days, healthy young individuals lost more muscles when confined to bed and 
received hydrocortisone than only at rest [27]. The restriction of movements during 
hospitalization of COVID-19 in the ICU is different from other clinical conditions, 
because the patient with COVID-19 may present deep weakness, spend hours on 
high-flow oxygen therapy or in ventral decubitus. A median reduction of 18.5% of 
the rectus femoris muscle between the first and seventh day of ICU stay may occur 
[28]. In addition, the study by Kirwan et al. [29] demonstrated an unadjusted risk 
of sarcopenia of 38.4% associated with an average time of 11 days in hospital stay by 
COVID-19.

One of the main side effects of GC use is hyperglycemia, and this condition 
is also induced by the course of critical disease [30]. The diabetogenic effect of 
steroids in susceptible patients can aggravate the problem of anabolic resistance. 
The hyperglycemia of the critically ill patient is related to insulin resistance, that 
is, the impossibility of insulin to stimulate glucose uptake in skeletal muscle or to 
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inhibit gluconeogenesis in the liver. During critical disease, the abrupt development 
of hyperglycemia involves complex interactions between some counterregulatory 
hormones (glucagon, catecholamines, growth hormone, and cortisol), adipokines, 
and inflammatory cytokines that cause increased glucose production by the liver and 
insulin resistance in tissues. This hyperglycemia can affect the functions of respira-
tory muscles, leading to respiratory muscle weakness acquired in the ICU, as well 
as increase mortality in these patients [5]. Insulin resistance ultimately promotes a 
catabolic state that implies lipolysis and loss of muscle mass [31].

3.2 IL-6 antagonists

Tocilizumab is an interleukin 6 inhibitor approved for the treatment of rheumatoid 
arthritis, giant cell arteritis, and cytokine release syndrome during chimeric antigen 
receptor (CAR-T) T-cell therapy. Interleukin 6 is an inflammatory cytokine that 
exerts its effects on the liver and lymphocytes, inducing acute phase reagents such as 
C-reactive protein, fibrinogen, and hepatocytes hepcidin, and promotes the differ-
entiation of cytotoxic T cells CD4 (T helper 17) and CD8 and antibody production. 
Interleukin 6 plays an important role in controlling viral infections such as influenza 
A, acute severe respiratory syndrome coronavirus 1, and herpes virus. In COVID-19, 
an increased level of interleukin 6 and C-reactive protein correlates with the severity 
and mortality of the disease. Thus, blocking the activity of interleukin 6 may play 
a role in mitigating the inflammatory response and improving clinical outcomes in 
patients with COVID-19 [32].

The World Health Organization’s (WHO) Rapid Evidence Assessment Working 
Group (REACT) developed a protocol to perform a prospective meta-analysis of 
IL-6 antagonists in patients hospitalized by COVID-19. The IL-6 antagonists inves-
tigated were monoclonal antibodies that bind to soluble, membrane-bound IL-6 
receptors (e.g., tocilizumab and sarilumab) or directly to IL-6 (e.g., siltuximab). 
Administration of IL-6 antagonists, compared to usual treatment or placebo, was 
associated with lower all-cause mortality in 28 days [33]. Tocilizumab is a humanized 
antibody against IL-6 and has been used in patients with pronounced cytokine storm. 
Patients with rheumatoid arthritis who regularly use this medication have demon-
strated that long-term treatment with tocilizumab leads to increased muscle mass, as 
assessed with dual X-ray absorptiometry (DEXA) [34]. Tocilizumab reduces the risk of 
mechanical ventilation in hospitalized patients [35] and also reduces all-cause mortal-
ity on day 28 compared to standard treatment alone or with placebo [36] (Figure 5).

According to the available studies [17, 37], tocilizumab was recommended by 
Brazilian treatment guidelines for patients with COVID-19, who are using NIV (non-
invasive mechanical ventilation) or CNAF (high flow nasal catheter) and not recom-
mended in patients under mechanical ventilation. To date, the studies have not shown 
clear benefits in patients under mechanical ventilation; however, there is a tendency to 
prescribe it in the first 24 hours of IMV, at medical discretion. However, the authors indi-
cate that the package leaflet of this medicine does not present this indication [28], that 
is, its use in MV would be off-label, and access to this drug may be limited by availability 
and also financial reasons.

The indicated dosage is 8 mg/kg, with a maximum administration of 800 mg, and 
a second application should only be performed after careful medical reassessment. 
Evidence also suggests that the benefits of tocilizumab are associated with cortico-
steroid co-administration [17] and may preferably be used in patients with increased 
inflammatory markers (C-reactive protein test, ferritin, and lactic dehydrogenase).
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For patients with signs of bacterial infection, with latent infections such as 
 tuberculosis or parasitic, care should be given to the possibility of reactivation of 
these with the administration of tocilizumab. In immunosuppressed patients, its use 
should be with caution, and in neutropenic individuals (<500 cells/mm3), thrombo-
cytopenic (< 50,000 platelets/mm3) or with transaminases at levels five times greater 
than physiological value, tocilizumab should not be used at all [14].

In addition to tocilizumab, other trials that use Casirivimab and Imdevimab are 
presenting significantly promising results, however, only in patients in the early 
stages of the disease [38, 39] and not in hospitalized patients. Recommendations 
of the treatment panel for COVID-19 for the treatment of outpatients, by order of 
preference, are nirmatrelvir enhanced with ritonavir (Paxlovid) (AIIa) and remdesi-
vir (BIIa). Other alternative medicines, such as Bebtelovimab (CIII) and Molnupiravir 
(IIC), should be used only when none of the first-rate medicines are available.

It is also worth noting that the treatments with antiviral drugs that the WHO panel 
against indicates are interferons for outpatients (AIIa), interferon alpha or lambda 
for hospitalized patients (AIIa), Ivermectin (AIIa), Nitazoxanide (BIIa), Chloroquine 
or hydroxychloroquine and/or azithromycin for hospitalization (AI) and not hos-
pitalization situation (AIIa), Lopinavir/ritonavir and other HIV protease inhibitors 
for hospitalized patients (AI) and outpatients (AIII) and systemic interferon beta for 
hospitalized patients (AI). Due to these concerns and data gaps, Molnupiravir should 
be provided only to non-severe patients with COVID-19 at higher risk of hospitaliza-
tion. Typically, they are people who have not received COVID-19 vaccination, elderly 
people with immunodeficiencies or people living with chronic diseases.

Treatment with anti-SARS-CoV-2 mAbs should be considered for patients with 
mild-to-moderate COVID-19 who are hospitalized, considering that the risk of 

Figure 5. 
Tocilizumab mechanism of action. Tocilizumab is a recombinant humanized monoclonal antibody, which 
acts as an interleukin 6 receptor antagonist (IL-6), blocking the transduction of the signal of this pro-
inflammatory cytokine, preventing the dimerization of GP130 in the cell membrane and, consequently, blocks the 
proinflammatory effects of IL-6. In addition, it has the ability to dissociate IL-6/IL-6R complexes that have already 
formed. The IL-6 receptor has two presentations: membrane-bound IL-6 receptor and soluble IL-6 receptor. IL-6 
is binding with IL-6R for the formation of a complex, which is coupled to the transmembrane protein gp130 so that 
signal transduction occurs and pro-inflammatory function is performed. Source: Figure of the authors.
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progression to severe COVID-19 in high-risk patients is substantially higher for those 
who are not vaccinated. It is also interesting to note that severely immunocompro-
mised patients may have prolonged replication of SARS-CoV-2, leading to faster viral 
evolution, with consequent worse clinical outcomes. Anti-SARS-CoV-2 monoclonal 
antibodies (mAbs) have their results variable, depending on the circulating strain. 
As a suggestion, the use of anti-SARS-CoV-2 mAbs is based on current knowledge of 
SARS-CoV-2 in vitro activities. At the moment, the recommendations of the panel’s 
anti-SARS-CoV-2 mAb are for the treatment of patients with mild-to-moderate 
COVID-19 who are at high risk of progressing to severe disease.

Intravenous Bebtelovimab has its use only for patients aged ≥12 years as an 
alternative therapy when nirmatrelvir (Paxlovid) and remdesivir potentiated with 
ritonavir are not available, viable to use, or clinically appropriate (CIII). Treatment 
should be started as soon as possible and within 7 days after the onset of symptoms. 
Anti-SARS-CoV-2 mAbs should be administered in an environment where severe 
hypersensitivity reactions such as anaphylaxis can be controlled. Patients should be 
monitored during the infusion and observed for at least 1 hour after infusion.

3.3 Anticoagulants

The care team should pay attention to the development of signs and symptoms 
of thromboembolic events. Due to this risk, patients hospitalized due to COVID-19 
should receive prophylaxis of thromboembolism according to their risk stratification, 
according to current hospital protocols, for presenting in a high state of hypercoagu-
lability, with a high rate of thromboembolic events being observed in observational 
and postmortem clinical studies. The dose to be used may vary according to the cho-
sen class, for example, enoxaparin 40 to 60 mg SC once a day or the unfractionated 
heparin 5,000IU SC two to three times a day. Although evidence for pharmacological 
prophylaxis in the context of COVID-19 is limited, the intervention is low cost and 
well-tolerated, with the potential to avoid events of high clinical importance. Heparin 
should not be used in the case of contraindications of high risk of bleeding, active 
bleeding, and severe thrombocytopenia [40].

Critically ill patients have a strong recommendation for prophylactic doses for 
venous thromboembolism with anticoagulant (mainly with the use of vasoactive 
drugs, on hemodialysis or using CNAF, NIV, or MV), according to the Brazilian 
guidelines for pharmacological treatment for COVID-19. But there is no recommenda-
tion for the use of intermediate doses in patients without signs of thromboembolism. 
Anticoagulants should be used, following a careful assessment of bleeding risk and 
presence of thrombocytopenias [14].

In a study evaluating 42 patients, all using immunosuppressant or glucocorticoste-
roids, with severe to moderate COVID-19, with 21 patients receiving low-molecular 
weight heparin and 21 controls, there was a significant reduction. In IL-6 dosage and 
increased lymphocytes. The results of this study contribute to the use of low-molecular 
weight heparin as a potential therapeutic drug for the treatment of COVID-19. Changes 
in D-dimer levels and fibrinogen degradation products in the group that received 
heparin before and after treatment were significantly different from those in the control 
group (P = 0.035). Together, IL-6 levels have also been reduced after heparin treatment 
(P = 0.006), indicating that, in addition to other beneficial properties, it can exert an 
anti-inflammatory effect and partly attenuate the virus-induced “cytokine storm” [41].

There is no indication of routine use of anticoagulants in post-discharge due to 
COVID-19. The indication of the use of anticoagulants in a post-discharge setting 
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should follow the same criteria as for patients without COVID-19, according to 
institutional protocols.

3.4 Antimicrobials (antibiotics)

Patients with COVID-19 without signs of sepsis or infection are not recommended 
for antibiotic therapy. However, individuals who present potential infectious foci on 
admission, with suspected sepsis, presenting or not being diagnosed for COVID-19, 
are indicated for the use of antibiotics (empirically). Also, patients with worsening 
due to COVID-19, who require care in intensive care units, are exposed to processes 
that potentiate the risk of infection, such as mechanical ventilation, bladder catheter, 
and arterial and venous accesses, which can lead to the need for the use of antibiotic 
therapy to this population [14].

To date, there is no randomized clinical trial evaluating the effectiveness of 
empirical antibacterials in patients with COVID-19 without evidence of bacterial 
infection, that is, clinical data are insufficient to demonstrate benefits or risks in the 
use of antibacterials in patients with COVID-19 without evidence of bacterial infec-
tion, so in the absence of evidence, there is no basis to indicate prophylactic antibacte-
rials in patients with COVID-19. In addition to the absence of evidence of benefit, this 
practice may result in adverse events, increased antimicrobial resistance, and costs. 
There are no adequate data on bacterial co-infection in patients with COVID-19; how-
ever, it should be noted that the overlap of infections is possible to occur, mainly due 
to immunosuppression and exposure to the hospital environment, often colonized by 
multidrug-resistant germs. It is understood that these patients should receive antibac-
terials in a similar way to patients without COVID-19, following local protocols.

In the meta-analysis of Lanford [42] with 3,338 eligible patients, bacterial co-
infection (estimated at presentation) was identified in 3.5% of patients (95% CI 
0.4–6.7%) and secondary bacterial infection in 14.3% of patients (95% CI 9.6–18.9%). 
The overall proportion of patients with COVID-19 with bacterial infection was 6.9% 
(95% CI 4.3–9.5%). Bacterial infection was more common in critically ill patients 
(8.1%, 95% CI 2.3–13.8%). Since bacterial co-infection is relatively infrequent in 
patients hospitalized with COVID-19, therefore, most of these patients may not 
require empirical antibacterial treatment, reinforcing the guidelines of following 
institutional protocols for sepsis.

3.5 Oxygen therapy

Lung injury due to the new coronavirus resembles other causes of ARDS, 
but initial clinical features include more evident hypoxemia and loss of dyspnea 
perception. Due to the various forms of presentation of COVID-19, oxygen supple-
mentation levels may vary according to clinical and laboratory signs. According to 
Guan [9], almost half (42%) of patients admitted to the hospital environment will 
require supplemental oxygen therapy. Nationwide, in the first five months of the 
pandemic, 49% of those infected required noninvasive respiratory support [43].

Oxygen therapy is defined as oxygen therapy, the administration of oxygen above 
the ambient air concentration (~21%), aiming to maintain adequate oxygenation of 
tissues. Its use has the potential to correct hypoxemia by reducing cardiorespiratory 
work overload [18]. Therefore, oxygen therapy is one of the treatments for the clinical 
condition in more severe cases of SARS-CoV-2 infection, since patients presenting 
hypoxemia or signs of respiratory effort may benefit from its use, either via the ocular 
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nasal catheter, mask with a non-rebreathing oxygen mask, noninvasive ventilation 
(NIV), or high-flow nasal catheter (HFNC) [44]. If there is a need for oxygen ther-
apy, it is recommended to be given its administration according to peripheral oxygen 
saturation (SpO2), with a strong recommendation of its onset when SpO2 <90%, in 
order to keep it between 92% and 96% in previously healthy patients and between 
88% and 92% for patients with chronic lung disease [45].

3.5.1 High flow nasal cannula – HFNC

Prior to the COVID-19 pandemic, HFNC was already recommended in patients 
with moderate respiratory failure [46] and demonstrated efficacy in the treatment 
of acute hypercapnic respiratory failure [47, 48]. In CNAF, the supplementary sup-
ply of oxygen allows the administration of high flows (up to 60 liters per minute) 
and precise oxygen concentrations (21% to 100%) [49]. Even if there is no routine 
recommendation, when HFNC is indicated, it can be used in selected patients with 
hypoxemic respiratory failure associated with COVID-19, who have clinical signs 
and symptoms such as SpO2 < 93%, PaO2/FiO2 <300 mmHg, and respiratory rate > 
25 incursions per minute [50].

3.5.2 Noninvasive mechanical ventilation – NIV

NIV contributes to the improvement of oxygenation and reduction of respiratory 
work and may prevent orotracheal intubation [51]. In viral pandemic disease, NIV 
has no recommendations for the treatment of hypoxemic respiratory failure [52], and 
depending on the interface used, large aerosol dispersion (COVID-19 dissemination 
medium) [53] can occur, so its indication should be judicious, and its application 
should be closely monitored.

The success of NIV to avoid intubation seems to be associated with patients with 
PaO2/FiO2 ratio > 100 mmHg and without multiple organ failure (APACHE < 20 
score). During the first 30 minutes, ventilometry monitoring is very important, 
because a minute volume > 10l/min, current volume > 9 ml/kg predicted, respiratory 
rate > 25 irpm, requiring final expiratory positive pressure > 10 cmH20 with FiO2 > 
50%, indicate its failure [50, 54].

3.5.3 Invasive mechanical ventilation – IMV

Among individuals infected with SARS-CoV-2, approximately 80% of the cases 
are asymptomatic, 15% present a more severe form (requiring supplemental oxygen), 
and 5% evolve to the most critical form, requiring advanced life support [41, 44]. This 
can occur mainly in patients with chronic heart or lung diseases, diabetes, obesity 
(BMI > 40), and in the elderly [51]. A recent study with biopsy of the diaphragm 
muscle showed the expression of ECA 2 and viral infiltration SARS-CoV-2 in the 
diaphragm of a subset of patients and histological evidence for the development of 
fibrosis [41].

The findings in the severe form of COVID-19 meet the diagnostic criteria for 
ARDS [55], and when hypoxemia worsens, hypercapnia, acidemia, respiratory 
fatigue, hemodynamic instability, or even mental status alterations, intubation should 
be strongly considered [50, 56], consequently requiring invasive mechanical ventila-
tion (IMV). For those who need IMV, the objectives of this therapy are based on: 
maintenance of gas exchange (by correction of hypoxemia and respiratory acidosis 
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associated with hypercapnia), reduction of respiratory work (with reversal or preven-
tion of fatigue of respiratory muscles), and application of other specific and neces-
sary treatment routes [57].

The long-term prognosis of patients who survive intensive care is affected by 
physical disabilities, cognitive impairments, and mental disorders that may occur 
after discharge from the ICU [58]. In relation to muscle mass loss, it may occur more 
frequently in older adults and patients with comorbidities who are more likely to have 
pre-existing catabolism. In addition, these groups of patients may be prone to develop 
more intense catabolic responses due to COVID-19 and prolonged ICU stay [59].

In addition to the systemic inflammatory process with cytokine release that 
contributes to the evolution of ARDS in critically ill patients with COVID-19, these 
patients also have an increased risk for weakness and sarcopenia due to the same 
inflammatory mechanism of loss of muscle mass. Associated with these factors, the 
length of stay on mechanical ventilation is high (mean of 11.7 days). About 75%–80% 
of patients hospitalized with COVID-19 have extended hospital stays, with about 21 
days. When admitted to the ICU, they may have multiple organ failures, including 
ARDS, acute kidney injury, heart injury, and liver dysfunction [60]. Evidence has 
shown that organic dysfunction is highly associated with muscle dysfunction [61]. 
Additionally, some of these patients have associated comorbidities, such as advanced 
age, renal dysfunction, hypertension, diabetes, and heart disease, which may contrib-
ute to the incidence of weakness and sarcopenia. Thus, critical patients with COVID-
19 may face a vicious cycle, in which the severity of the disease itself, the presence of 
comorbidities, prolonged invasive ventilatory support, and the use of sedatives and 
neuromuscular blockers may contribute to the development of weakness, sarcopenia, 
and functional dysfunctions in the short and long term [60].

4. Final considerations

Research and science are essential for the successful conduction of the COVID-19 
pandemic. In this context, discovering the entry mechanism of the virus into a cell, 
the expected response of the host, and especially the exacerbated response in the 
form of the cytokine storm were fundamental for the initiation of clinical reasoning 
of diagnostic and therapeutic approaches. The unfavorable evolution of the clinical 
presentation of COVID-19 has led and still leads countless patients to need treatment 
in the intensive care unit (ICU), and sarcopenia and secondary infectious processes 
are a potential risk for the worsening of the clinical outcome [42, 62–87].

Thus, the intense scientific and technological advances in recent years of this 
pandemic favored the understanding and elucidation of the pathophysiology of the 
disease, and this knowledge is a crucial point for the use of existing drugs, such as 
tocilizumab, for the development of promising drugs and application of assistance 
protocols. The application of biomarkers, both clinical and laboratory, is differential 
when managing COVID-19, especially to stratify risk groups, monitor evolution, 
make therapeutic decisions, and in prognosis.
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Abstract

The COVID-19 pandemic came at a time when the scientific world was least 
prepared for it. It emerged at a time when there were variable research availability 
and limited mechanistic insights about the virus. Amid these challenges, research 
works were carried out in a bid to discover ways of curbing the spread of the virus and 
improving the health outcome of the population. Drug repurposing was one concept 
that was explored by scientists. Through this concept, already existing drugs were 
repurposed for the treatment of COVID-19, with incredible results seen. This chapter 
provides insights on some repurposed drugs, steps taken in drug repurposing, chal-
lenges peculiar to the methods, and a framework for continuity.

Keywords: drug repurposing, COVID-19, drug development, pandemic

1. Introduction

Coronaviruses, a large group of positive-sense RNA, single-stranded, and 
enveloped viruses have been one of the viral sources of respiratory diseases [1]. In 
December 2019, they caught the attention of the world when a strain of the virus-
n-CoV-19, which was later renamed SARS-CoV-2 virus-caused epidemic cases of 
respiratory tract infection in Wuhan, China. The initial cases were presumed to be 
complications of pneumonia and were treated as such, until when further studies 
were conducted as regards the rate of spread, morbidity, and mortality of the disease 
[2]. Findings from studies conducted provided evidence that made the World Health 
Organization (WHO) declare the disease as a global health emergency and subse-
quently a pandemic.

For the first 12 months since the inception of the pandemic, COVID-19 spread 
worldwide, gravely affecting countries such as Turkey, Iran, Poland, Mexico, 
Germany, Colombia, Argentina, Spain, Italy, United Kingdom, France, Russian 
Federation, Brazil, India, and the USA, with each country recording over 1 million 
confirmed cases (https://covid19.who.int/accessed on August 25, 2022). The lack of 
proper treatment and vaccine made the mortality rate quite high [3].

Some of the measures used in curbing the spread of the virus and improving 
the quality of life of those infected included national and international lockdown, 
travel restrictions, mandatory use of face covering, washing of hands, and social 
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distancing [4]. Also, some drugs were repurposed for the management of the 
disease, and vaccines were developed. Figure 1 shows the timeline of the COVID-19 
pandemic and details of some repurposed drugs used [5].

2. Historical overview of drug repurposing

Drug repurposing, also known as indication shift, indication expansion, drug 
proofing, or drug repositioning, involves establishing a new medical use for an 
already known drug. These drugs can be experimental, shelved, discontinued, or 
already approved. Although drug repurposing is not a new strategy, it has gained wide 
recognition in recent times in the pharmaceutical sector [10].

The procedure to authorize a new medicine is costly and can take 10–15 years. 
This drawn-out discovery process makes drug repurposing (repositioning) a viable 
alternative strategy for reducing the amount of time needed to produce medicine. 
This original concept of drug repositioning has since been expanded to encompass 
active ingredients that failed the clinical stage of their development due to their toxic-
ity or insufficient efficacy, as well as medications pulled off the market due to safety 
concerns. However, compounds that have not yet been the focus of clinical research 

Figure 1. 
Showing the timeline of the COVID-19 pandemic and details of repurposed drugs used [5–9].
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should not be included. This specifically disallows chemicals maintained in chemical 
libraries by academic and industrial research groups from being screened to find new 
biological qualities, apart from the properties for which they were initially developed 
and synthesized. Thus, any changes to the drug’s structural makeup are not included 
in the idea of drug repositioning. Instead, repositioning uses either the biological 
properties for which the drug has already received approval (possibly in accordance 
with a different formulation, at a new dose, or via a new route of administration) or 
the side properties of a drug that are accountable for its negative effects in a new indi-
cation. The fact that various diseases share occasionally similar biological targets, as 
revealed by the elucidation of the human genome, and the idea of pleiotropic medica-
tions, serve as the two fundamental scientific foundations for therapeutic reposition-
ing [11, 12]. Repurposing a medicine involves using it for a different indication after 
having it licensed by a regulatory body like the FDA, the European Medicines Agency 
(EMA), or the Medicines and Healthcare Products Regulatory Agency (MHRA), 
among others. Many pharmaceutical companies are presently using drug repurpos-
ing to regenerate some of their FDA-approved and previously unsuccessful pipeline 
molecules as novel medicines for a variety of illness conditions due to the enormous 
promise of a reduced development cycle [13, 14].

One of the keys to drug repurposing is the description of the factors related to 
the complicated interplay between diseases, medications, and targets using in silico 
methodologies (data mining, machine learning, ligand-based, and structure-based 
approaches). Today, diseases can be described in terms of their molecular profile 
(including the genes, biomarkers, signaling pathways, and environmental factors), 
and the degree of similarity between diseases that share a number of these molecular 
features can be assessed using computational methods, particularly data mining. 
Protein targets that are shared by a number of diseases imply that a given medica-
tion may be effective in treating both disorders [12, 15–17]. In terms of their core 
therapeutic effects and their (generally undesirable) side effects, the majority of 
medications are now phenotypically well described. The drug’s pleiotropic interac-
tions with a number of (primary and secondary) biological targets cause this variety 
of side effects. Therefore, if one of a medicine’s secondary targets plays a part in an 
illness different than the one for which it was initially intended, the treatment may be 
effective against the new disease. Be aware that these pleiotropic interactions allow for 
the development of medications with many, intended effects that work in concert to 
increase clinical efficacy, such as the pan-kinase inhibitors used in cancer. Regardless 
of their therapeutic reason, medications can be analyzed for phenotypic similarities 
much like diseases are. A medicine may be successful for both indications if it has a 
high similarity score to another treatment designated for a separate condition [10, 16].

2.1 Significance of drug repurposing

Drug repurposing reduces the development cost for drugs because they have already 
gone through clinical trials, toxicity studies, and other tests [18]. Tables 1 and 2 below 
show a list of some repurposed drugs in the past.A recent analysis based on a survey of 
30 pharmaceutical and biotechnology companies found that the average cost to re-
launch a repurposed drug is $8.4 million, compared to an average cost of $41.3 million 
for a new formulation of an existing drug in its original indication [20]. They have a 
higher success rate than the original drugs, owing to the availability of comprehensive 
information on their pharmacology, formulation, potential toxicity, safety, and adverse 
drug reaction issues, thereby reducing their attrition rate [21]. Since repurposing is based 
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on prior research and development efforts, new drug candidates could be promptly 
prepared for clinical trials, hastening the FDA’s review of them and, if approved, their 
introduction into healthcare, shortening the time it takes for the full processing cycle. 
Re-profiled medications also save the upfront costs and delays associated with bringing 
a drug to market, because it takes a great deal of time, money, and effort to produce a 
new medicine. In general, it frequently takes more than 15 years to convert a potential 
therapeutic candidate into an approved medication [22]. Therefore, it is essential to 
develop drug repurposing procedures in order to reduce the time and cost of drugs 

S/N Drug name Original 
indication

New indication Mechanism of 
action

Status of 
study

Ref.

1 Itraconazole Antifungal Prostate cancer Reducing prostate-
specific antigen 
(PSA) levels

Phase 2 [19]

2 Metformin Type 2 
Diabetes

Advanced 
prostate cancer

Inhibition of the 
mammalian target 
of rapamycin 
complex 1 
(mTORC1) 
pathway

Phase 2 [19]

3 Aspirin Fever and pain Melanoma Stop the growth 
of tumor cells by 
blocking some 
of the enzymes 
needed for cell 
growth

Phase 2 [11]

4 Sildenafil Angina 
pectoris

Erectile 
dysfunction

Phosphodiesterase 
type 5 (PDE5) 
inhibition

Approved [11]

5 Thalidomide Morning 
sickness

Multiple 
myeloma

Antiangiogenic Approved [11]

6 Sodium Nitrite Antidote 
to cyanide 
poisoning

Chronic leg 
ulcers associated 
with sickle cell 
and other blood 
disorders

Vasodilation Recruiting 
participants 
for clinical 
trial

[11]

7 Celebrex Osteoarthritis Reduce the risk 
of additional 
polyp formation 
in colon cancer

Inhibiting COX-2 
receptors

Approved [11]

8 Dapsone Leprosy Malaria Inhibit bacterial 
dihydropteroate 
synthase

Phase 3 
completed

[11]

9 Amphotericin Antifungal Leishmaniasis Disruption of 
parasite membrane

Phase 3 
completed

[11]

10 Eflornithine Cancer African 
trypanosomiasis

Inhibition 
of ornithine 
decarboxylase 
(ODC)

Phase 3 
completed

[11]

Table 1. 
List of some drugs that have been repurposed.
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while also raising their success rates. In addition, repurposed compounds have a market 
penetration rate of 25% from Phase II and 65% from Phase III clinical trials, compared to 
10% and 50%, respectively, for novel molecular entities [23].

For a new investigational molecule, safety and efficacy data are not yet avail-
able, resulting in higher attrition during the drug discovery process leading to the 
most failures regarding safety or efficacy. By contrast, all safety, preclinical, and 
efficacy data are readily available for a repurposed molecule, thus enabling the 
investigator to make an informed decision at each stage of drug development [23, 24]. 
Availability of prior knowledge regarding safety, efficacy, and the appropriate 
administration route significantly reduces the development costs and cuts down 
the development time resulting in less effort required for successfully bringing 
a repositioned drug to market [25]. For example, sildenafil, a phosphodiesterase 
type 5 (PDE5) inhibitor, represents one of the successful repurposing efforts. 
Sildenafil was originally developed for hypertension treatment but was later 
identified to have significant benefits in erectile dysfunction and was approved by 
the FDA for the same. It was later repurposed for the treatment of a rare disorder: 
pulmonary hypertension [26]. Also, daptomycin (an antibacterial agent) was 
repurposed for the treatment of Zika virus infection, chlorcyclizine (an antihis-
tamine) was repurposed for the management of hepatitis C virus infection, and 
manidipine (an antihypertensive agent) was repurposed for Japanese encephalitis 
virus treatment [27].

3. Repurposed drugs for COVID-19 pandemic

Due to the urgent need for COVID-19 treatment options, all repurposed drugs were 
given emergency approval. Approval for hydroxychloroquine and chloroquine were 
later revoked due to the high number of cardiac toxicity recorded (Figure 2) [10].

4. A simplified scheme of the life cycle of SARS-CoV-2

Based on the likely mechanism by which registered pharmaceuticals combat 
the Coronavirus, the disease, or its symptoms, drug repurposing possibilities for 
COVID-19 can be categorized.

S/No Repurposed drug for COVID-19 Previous indication

1 Azithromycin An antibiotic used for the treatment of 
respiratory and urinary tract infections

2 Mavrilimumab Rheumatoid arthritis

3 Baricitinib Rheumatoid arthritis

4 Hydroxychloroquine sulfate and 
chloroquine phosphate

Amoebic dysentery and malaria

5 Lopinavir-ritonavir HIV/AIDS treatment and prevention

6 Favipiravir Influenza

7 Dexamethasone Asthma, allergies, skin diseases

Table 2. 
List of some repurposed drugs for the treatment of COVID-19.
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a. Drugs that disrupt the Coronavirus replication cycle.

b. Drugs that indirectly ameliorate the effects/symptoms of COVID-19 disease 
through direct influence on cellular immunity and metabolism.

4.1 Drugs that disrupt the Coronavirus replication cycle

The mechanism of many antiviral medications is hinged on the interruption of 
one or more replication phases of the virus.

4.1.1 Attachment and entry of the virus into the host cell

The first phase of the virus replication cycle is the attachment and entry of the 
virus into the host cell. There are two ways through which SARS-CoV-2 can gain entry 
into host cells. The first is through the binding interaction of SARS-COV-2 spike 
protein (S) with the ACE2 receptor and transmembrane protease serine 2 of the target 
cell (TMPRSS2), while the second is through endocytosis [28]. ACE2 is the coupling 
site for SARS-CoV-2 spike protein, while TMPRSS2 facilitates host cell entrance; 
therefore, some drugs that interfere with ACE2 or TMPRSS2 have the potential 
for being repurposed in the management of COVID-19 because they will prevent 
the entry of SARS-CoV-2 into host cells. In theory, drugs such as dexamethasone, 
estradiol, isotretinoin, retinoic acid, and spironolactone can influence the expression 
of ACE2, while drugs such as bicalutamide, bromhexine, camostat mesylate, and 
nafamostat act similarly with TMPRSS2 [28]. In an experiment involving SARS-
CoV-2 spike pseudotyped virus, dexamethasone was found to bind to ACE2, prevent-
ing binding of the spike protein of the virus to ACE2 and preventing entry of the 

Figure 2. 
Main organ injury of SARS-CoV-2 infection [24].
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virus into the target cell [29]. This is the likely mechanism by which dexamethasone 
would find activity against SARS-CoV-2 as a repurposed drug. Similarly, bromhexine 
is a TMPRSS2 protease blocker that prevents viropexis of SARS-CoV-2 into target cells 
through its blocking effect on TMPRSS2 [28].

Viral attachment and entry into the host cell involve the attachment of spike 
protein of the SARS-CoV-2 to ACE2 and further involvement of TMPRSS2. If poten-
tial drugs for repurposing in COVID-19 treatment leverage their possible effects on 
ACE2 and TMPRSS2, then drugs that could influence the viral strike protein are also 
theoretically useful enough to be repurposed in COVID-19 treatment. One such drug 
is bamlanivimab.

Bamlanivimab is a recombinant human IgG1κ monoclonal antibody with 
activity against the spike (S) surface protein of SARS-CoV-2 itself, not the ACE2 
or TMPRSS2 of the host cell [28]. Umifenovir and nelfinavir are antiviral medica-
tions. Umifenovir was previously used in the prophylaxis and management of 
influenza, while nelfinavir is an antiretroviral medication used in HIV. Umifenovir 
inhibits spike protein trimerization, while nelfinavir inhibits membrane fusion. 
This implies that both drugs have the potential for repurposing in COVID-19 
management [28].

Endocytosis is a process through which cells take in foreign material by envelop-
ing it with their membrane [29]. Research has shown that SARS-CoV-2 is capable of 
entering host cells by means of endocytosis. Drugs that prevent the entry of SARS-
CoV-2 by endocytosis into the host cell can be repurposed in COVID-19. Such drugs 
include chloroquine, hydroxychloroquine, artemisinin, amodiaquine, chlorproma-
zine, niclosamide, imatinib, artesunate, baricitinib, verapamil, and amiodarone [28]. 
Many of these drugs work by inhibiting membrane fusion between SARS-CoV-2 spike 
protein and the host cell membrane.

4.1.2 Chloroquine and hydroxychloroquine

Chloroquine belongs to the chemical class of antimalarial medications called 
4-aminoquinolines [30, 31]. Hydroxychloroquine (HCQ ) is a derivative of chlo-
roquine obtained by β-hydroxylation of the N-ethyl substituent of chloroquine to 
give hydroxychloroquine, which has a hydroxyl group at the end of the side chain. 
Chloroquine was known to be an effective drug in the treatment of malaria due to its 
high activity against the asexual erythrocytic forms of the plasmodium. This high 
profile of effectiveness was however affected negatively due to the growing cases 
of plasmodial resistance to available antimalarial agents. Although chloroquine was 
initially developed to treat malaria, the focus has largely shifted to its antirheumatic 
and antiviral activity. Over the past 20 years, a great deal of research has gone into the 
investigation of the antiviral effects of chloroquine [32].

As an antimalarial agent, chloroquine/hydroxychloroquine enters the feeding 
vacuoles of the malaria parasite where it prevents the conversion of heme (a toxic 
product of the breakdown of hemoglobin) to hemozoin (which is not harmful to the 
parasite). Accumulation of heme leads to the death of the malaria parasite.

As a repurposed drug for COVID-19, in order to prevent the fusion of SARS-
CoV-2 with the host cell membranes, chloroquine/hydroxychloroquine is thought 
to work by blocking endocytic proteins and elevating the pH of the endosomes 
[33]. The endocytic pathway interference, sialic acid receptor blockage, limitation 
of pH-mediated spike (S) protein cleavage at the angiotensin-converting enzyme 2 
(ACE2) binding site, and cytokine storm prevention are all part of the mechanism 
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of action of chloroquine/hydroxychloroquine [34]. The major drawbacks of the use 
of chloroquine or hydroxychloroquine in COVID-19 treatment are adverse effects 
such as retinopathy, prolonged QT interval on the ECG, and cardiotoxicity [35]. 
Hydroxychloroquine is preferred to chloroquine due to its increased hydrophilic 
nature and decreased toxicity. Hydroxychloroquine is also better tolerated than 
chloroquine [36].

In recent years, rheumatoid arthritis, lupus erythematosus, and amoebic hepa-
titis have all been managed with chloroquine and its hydroxyl derivative, hydroxy-
chloroquine as anti-inflammatory agents. Chloroquine exhibits potent antiviral 
action against a variety of DNA and RNA viruses, including HIV-1, Influenza A, 
Influenza B, Coronavirus (SARS-CoV2), and many more. Recent reports and pub-
lished research revealed that chloroquine and hydroxychloroquine were linked to 
slowed COVID-19 progression and shorter symptom duration. In June 2020, how-
ever, FDA revokes the emergency use authorization of the use of both chloroquine 
and hydroxychloroquine in the management of COVID-19, thus discouraging its  
use [32, 33].

4.1.3 Viral replication

After attachment and entry of the virus into the host cell, the SARS-CoV-2 life 
cycle then proceeds to the release of the viral RNA genome into the cytoplasm 
and translation of the replicase genes, which develop the replicase transcriptase 
complex (RTC) [28]. RNA replication is carried out by RNA-dependent RNA 
polymerase RdRp, which is incorporated within the RTC [28, 37]. Favipiravir, 
tenofovir, sofosbuvir, clevudine, and a number of other drugs have been sug-
gested for COVID-19 repurposing due to their inhibitory effect on RdRp [28, 38]. 
Remdesivir (in its active form) is a nucleoside analog that inhibits the SARS-CoV-2 
RdRp thereby preventing further replication of SARS-CoV-2 [39]. Other RNA 
replication inhibitors include ivermectin, mefloquine, doxycycline, emtricitabine, 
and tacrolimus.

After viral RNA replication, comes the translation of viral structural proteins. 
Atazanavir, saquinavir, lopinavir, and ritonavir were considered repurposing can-
didates for COVID-19 based on their activity as protease inhibitors (just as they are 
HIV protease inhibitors). This phase involves proteolytic processing of viral pro-
teins, thus the use of protease inhibitors to interfere with and prevent the translation 
of proteins [28].

4.1.4 Viral assembly and release

This phase comprises of formation of mature virions and exocytosis. Progeny 
viruses are assembled in the endoplasmic reticulum-Golgi intermediate complex 
following the synthesis and processing of the viral structural proteins and are then 
transported in vesicles to be released by exocytosis. Candidates for repurposing 
include antiviral medications that target this phase of SARS-CoV-2 replication. 
Oseltamivir and daclatasvir are such medications [28]. Daclatasvir inhibits viral 
assembly while oseltamivir inhibits virus release. Oseltamivir interacts with exocy-
tosis-related elements, preventing the viral escape from the cell [40]. Oseltamivir is 
effective for a number of avian influenza virus strains and functions as a neuraminidase 
inhibitor against the influenza virus [41].
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4.2  Drugs that indirectly ameliorate the effects/symptoms of COVID-19 disease 
through direct influence on cellular immunity and metabolism

This group of drugs acts by completely different mechanisms as they do not share 
structural similarities. Some of them include dapaglifozin, leflunomide, plitidepsin, 
nitazoxanide. Nitazoxanide demonstrates broad-spectrum antiviral action against 
several viral diseases. Nitazoxanide showed good in-vitro activity against SARS-
CoV-2 in cell culture experiments, showing potential for repurposing in COVID-19 
[41]. Nitazoxanide has shown great promise in vitro, with a low IC50 against SARS-
CoV-2. Nitazoxanide phosphorylates protein kinases activated by dsRNA to increase 
phosphorylated kinases activated by dsRNA to increase phosphorylated factor 2α. 
Factor 2α is an intracellular protein possessing antiviral activities [28]. Despite the 
potential effectiveness of these drugs, further in vivo and clinical testing are required.

5. Conclusion

The COVID-19 pandemic, though unprecedented, gave room for new insights 
and perspectives in different sectors of the world, including drug development. Drug 
repurpose came in handy in the fight against the pandemic by providing tentative 
treatment options for the prevention and treatment of the virus.
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